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1899. Kammerer, Frederic, M.D., 51 East Sixty-sixth Street,

New York City. Professor of Clinical Surgery, Cornell

Medical College; Surgeon to the German and St. Francis'

Hospitals, New York.

1913. Kanavel, Allen B., A.B., M.D., 30 North Michigan Avenue,

Chicago, 111. Assistant Professor of Surgery, Northwestern

University Aledical School; Attending Surgeon to Wesley

and Cook County Hospitals.
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*ti88o. Keen, William Williams, A.M., M.D., LL.D., Hon.

F.R.C.S. (Eng. and Edin.), 1729 Chestnut Street, Phila-

delphia. Emeritus Professor of the Principles of Surgery

and of Clinical Surgery in the Jefferson Medical College:

Surgeon to the Jefferson Medical College Hospital; Con-

sulting Surgeon to the Woman's and St. Agnes' Hospitals;

Membre Correspondant Etranger de la Societe de Chir-

urgie de Paris; Membre Honoraire de la Societe Beige de

Chirurgie; Ehremitglied der Deutschen Gesellschaft fiir

Chirurgie; Honorary Member, Clinical Society of London.

President, 1898; Vice-President, 1S92; Member of Council,

1899-1901.

1911. KiLiANi, Otto G. T., M.D., 44 West 77th St., New York City.

Professor of Clinical Surgery, Columbia University; Sur-

geon to the German Hospital.

J1911. King, Alfred, A.B., M.D., Sc.D. (Colby), 610 Congress

Street, Portland, Maine. Lecturer on Surgery in the

Medical School of Maine; Consulting Surgeon to the

Maine Hospital.

1916. Law, Arthur Ayer, M.D., F.A.C.S., 420 Syndicate Building,

Minneapolis, Minn. Associate Professor of Surgery,

University of Minnesota Medical School, and Mayo Founda-

tion; Surgeon to the Northwestern Hospital; Surgeon to

and Assistant Chief of the University Hospital.

1901. Le Conte, Robert G., A.B., M.U., 1530 Locust Street,

Philadelphia. Surgeon to the Pennsylvania and the Bryn
Mawr Hospitals; Consulting Surgeon to the Germantown
and the Gynecean Hospitals. President, 19 15.

1912. Lewis, Dean D., M.D., 122 S. Michigan Ave., Chicago, 111.

Assistant Professor of Surgery, Rush Medical College;

Attending Surgeon to the Presbyterian Hospital, Chicago.

1910. Liliexthal, Howard, A.B., M.D., 48 East Seventy-fourth

Street, New York, N. Y. Attending Surgeon, Mount Sinai

Hospital; Visiting Surgeon to Bellevue Hospital; Consult-

ing Surgeon, Hospital for Joint Diseases, Jewish Maternity

Hospital, and Har Moriah Hospital.

190S. Lothrop, Howard Augustus, A.M., M.D., loi Beacon

Street, Boston, Mass. Assistant Visiting Surgeon,- Boston

City Hospital; Instructor in Surgery, Harvard Medical

School.

t Deceased.

Am Surg R



xviii FELLOWS OF THE ASSOCIATION

ELECTED

igi6. Lower, Williaai E., M.D., 1021 Prospect Avenue, Cleveland,

Ohio. Associate Professor of Genito-urinary Surgery,

School of Medicine, Western Reserve University; Director

of Surgery, Mount Sinai Hospital; Associate Surgeon in

charge of Genito-urinary Surgery, Lakeside Hospital; Sur-

geon, Lutheran Hospital ; Surgeon, White HospitaURavenna )

.

1910. Lund, Frederick Bates, M.D., 527 Beacon Street, Boston,

Mass. Lecturer on Surgery, Harvard Medical School;

Visiting Surgeon, Boston City Hospital,

1901. McArthur, L. L., M.D., 122 S. Michigan Boulevard, Chicago,

111. Professor of Clinical Surgery, Post-Graduate Medical

School; Assistant Professor of Clinical Surgery, Rush Medi-

cal College; Surgeon to St. Luke's and Michael Reese

Hospitals.

1882. McGraw, Theodore A., M.D., 73 Case Street, Detroit, Mich.

Professor of Surgery in the Detroit Medical College; Surgeon

to St. Mary's and Harper Hospitals. Vice-President, 1896.

1903. McMuRTRY, Lewis S., A.M., M.D., LL.D., 542 Atherton

Building, Louisville, Ky. Professor of Gynecology and

Abdominal Surgery in the Medical Department, University

of Louisville; Surgeon to the Louisville City Hospital.

1915. McRae, Floyd W., M.D., Peters Building. Atlanta, Ga.

Chief Surgeon to the Piedmont Sanatorium; Visiting

Surgeon to St. Joseph's Infirmary; Consulting Surgeon to

Grady Hospital.

1908. Mackenzie, Kenneth A. J., M.D., L.R.C P., and L.R.C.S.

(Edin.), 908 Corbett Building, Portland, Oregon. Professor

of Operative Surgery, Medical Department, Oregon State

University; Surgeon to St. Vincent's Hospital, Portland,

Oregon.

1904. MacLaren, Archibald, M.D., B.S., 914 Lo^Yry Building,

St. Paul, Minn. Professor of Clinical Surgery, University

of Minnesota. Vice-President, 1915.

1914. MacLaren, Murray, B.A., M.B.C.M., M.D., M.R.C.S.

(Eng.), 75 Coburg Street, St. John's, N. B., Canada. Sur-

geon to the General Pubhc Hospital.

1898. Martin, Edward, M.D., 1506 Locust Street, Philadelphia.

Clinical Professor of Surgery, University of Pennsylvania

and Woman's Medical College of Pennsylvania, Philadel-

phia; Surgeon to Philadelphia, St. Agnes', and Howard
Hospitals.
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191 5. Martin, Walton, Ph.B., M.D., 25 West Fiftieth Street,

New York. Professor of Clinical Surgery, Columbia Univer-

sity; Attending Surgeon, St. Luke's Hospital; Consulting

Surgeon, White Plains Hospital and Looniis Sanatorium.

ti895. Mastln, Willl\m McDowell, M.D., LL.D., Northeast corner

of Joachim and Conti Streets, Mobile, Ala. Surgeon to the

Mobile City Hospital.

1895. Matas, Rudolph, M.D., 2255 St. Charles Avenue, New
Orleans, La. Professor of Surgery, Medical Department,

Tulane University; Professor of Clinical Surgery, New
Orleans Polyclinic; Surgeon to Charity Hospital; Consult-

ing Surgeon to the Eye, Ear, Nose, and Throat Hospital.

President, 1909; Vice-President, 1901.

1903. Mayo, Charles, H., z\.M., M.D., LL.D., Rochester, ]\Iinn.

Surgeon to St. Marv's Hospital.

1899. MAYO,WiLLLAMj.,A.M.,M.D.,D.Sc.,F.R.C.S.(Edin.),LL.D.

(Tor.)
, 427 West College Street, Rochester, Minn. Surgeon to

St. Mary's Hospital. Vice-President, 1903; President, 1913.

*ti88o. Mears, James Ewing, A.M., M.D., LL.D., 1535 Land Title

Building, Philadelphia. President, 1893; Recorder, 1S81-93.

1901. Meyer, Willy, M.D., 700 Madison Avenue, New York.

Professor of Surgery in the New York Post-Graduate

Medical School and Hospital; Attending Surgeon to the

German and New York Skin and Cancer Hospitals; Con-

sulting Surgeon to the New York Infirmary for Women and

Children.

191 2. Mitchell, James P., A.B., M.D., 1344 Nineteenth Street,

Washington, D. C. Surgeon to Providence Hospital.

1893. Mixter, Samuel Jason, S.B, (Massachusetts Institute of

Technology), M.D. (Harvard), 180 ^Marlborough Street,

Boston. Surgeon to Carney Hospital; Consulting Sur-

geon to Massachusetts General Hospital and to Massa-

chusetts Charity Eye and Ear Infirmary; Instructor in

Surgery, Harvard University.

11896. Monks, George Howard, A.B. (Harvard), M.D. (Harvard),

M.R.C.S. (Eng.), 67 Marlborough Street, Boston. Junior

Visiting Surgeon, Boston City Hospital; Lecturer on Sur-

gery, Harvard Medical School and Harvard Dental School.

1895. Moore, James E., M.D., 616 Syndicate Bldg., Minneapolis,

Minn. Professor of Surgery, University of ^Minnesota;

Surgeon-in-Chief to the Northwestern Hospital. Vice-

President, 1905,
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1900. OcHSXER, A. J., B.S., F.R.M.S., M.D. (Eng.), 710 Sedgwick

Street, Chicago. Professor of Clinical Surgery, College Qf

Physicians and Surgeons; Surgeon-in-Chief of Augustana

and St. ]Mary's Hospitals.

1900. Oliver, J. C, M.D., 628 Elm Street, Cincinnati, Ohio. Dean
and Professor of Operative Surgery, Miami Medical Col-

lege; Surgeon to Cincinnati, Presbyterian, and Christ

Hospitals.

1915. Olmsted, Ixgersoll, M.B., 215 James Street, South, Hamil-

ton, Ontario. Surgeon to City Hospital.

ti882. Owens, John E., M.D., 1017-18 Venetian Building, Chicago,

111. Professor of Principles and Practice of Surgery and

Clinical Surgery in the Chicago ^ledical College; Surgeon

to St. Luke's Hospital. Vice-President, 1900.

1899. Pariiam, Frederick William, M.D., 741 Carondelet Street,

Xew Orleans, La. Professor of General, Clinical, and

Operative Surgery on the Cadaver, Xew Orleans Polyclinic;

Surgeon to Charity Hospital; Consulting Surgeon to Eye,

Ear, Nose, and Throat Hospital.

ti893. Parmenter, John, M.D., 519 Franklin Street, Buffalo, X. Y.

Professor of Anatomy and Clinical Surgery in the Medical

Department of the University of Buffalo; Surgeon to the

Sisters of Charity, Erie County, Fitch, Children's, and

Emergency Hospitals; Assistant Surgeon to the Buffalo

General Hospital.

1908. Peck, Charles Howard, ^LD., Treasurer, 30 West Fiftieth

Street, New York City. Associate in Surgery, Columbia

University; Attending Surgeon to French Hospital; Junior

Attending Surgeon to Roosevelt Hospital.

1889. Pilcher, Lewis S., A.M., M.D., LL.D. (Dickinson), 386

Grand Avenue, Brooklyn, N. Y. Professor of Clinical

Surgery in the Post-Graduate Medical School, New York;

Surgeon to the Methodist Episcopal Hospital, Xew York.

Vice-President, 1893.

1916. Pilcher, Paul Monroe, B.Sc, ^LA., ^LD., 145 Gates

Avenue, Brooklyn, Xew York. Consulting Surgeon to the

Eastern Long Island Hospital.

1914. Plummer, Samuel C, A.B., M.D., 4539 Oakenwald Avenue,

Chicago, 111. Attending Surgeon, St. Luke's Hospital;

Clinical Professor of Surgery, Northwestern University

Medical School; Chief Surgeon, C. R. I. & P. Ry. Co.
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1Q14. Pool, Eugene Hillhouse, A.B., M.D., 107 East 60th Street,

New York, X. Y. Attending Surgeon, French Hospital;

Associate Attending Surgeon, New York Hospital; Instruc-

tor of Surgery, Columbia University; Consultant Surgeon

to New York' Orthopaedic and :Manhattan State Hospitals,

and Home for Incurables.

1904. Porter, Charles Allex, A.M., M.D., 245 Beacon Street,

Boston, Mass. Assistant Surgeon to the Massachusetts Gen-

eral Hospital; Instructor in Surgery, Harvard Medical School.

1915. Porter, Miles Fuller, M.A., M.D., 207 West Wayne

Street, Fort Wayne, Ind. Professor of Surgery m the

Indiana University School of :Medicine; Surgeon-in-Chief

to Hope Hospital; Consulting Surgeon in the Indiana

School for Feeble-minded Youths.

1896. Powers, Charles A., A.M., M.D., Metropolitan Buildmg,

Denver, Col. Professor of Clinical Surgery, Emeritus, in

the University of Colorado, and Surgeon to St. Luke's

Hospital and to the Children's Hospital; Consulting Surgeon

to the Denver City and County Hospital, to the Mercy

Hospital, and to the State Home for Children. President,

1912; Vice-President, 1903; Treasurer, 1906-1912; Mem-

ber of Council, 1 906-19 1 6.

1905. Primrose, Alexander, M.B., CM. (Edin.\ M.R.C.S. ^Eng.),

100 College Street, Toronto, Canada. Surgeon to the

Toronto General Hospital and to the Hospital for Sick

Cloildren, Toronto; Associate Professor of CUnical Surgery

in the University of Toronto.

18S6. R.AXSOHOFF, Joseph, M.D., F.R.C.S. (Eng.), 19 West Seventh

Street, Cincinnati, Ohio. Professor of Anatomy in the

Medical College of Ohio; Surgeon to the Cincinnati and

the Good Samaritan Hospitals. Vice-President, iqii.

1901. RiXFORD, Emmet, B.S., M.D., 1795 CaUfornia Street, San

Francisco, Cal. Professor of Surgery in Cooper Medical

College; Surgeon to City, County, and Lane Hospitals.

Vice-President, 1905.

tiSS2. Roberts, John B., A.M., M.D., 313 South Seventeenth Street,

Philadelphia. Professor of Anatomy and Surgery in the

Philadelphia Polvclinic; Surgeon to the JSIethodist and

Jewish Hospitals' Vice-President, 18S8 and 1894; Treas-

urer, 1892-93.
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1914. Ross, George Gorgas, M.D., 1721 Spruce Street, Philadel-

phia, Pa. Visiting Surgeon, Germantown Hospital; Assis-

tant Surgeon, German Hospital.

fiSSs. RusHMORE, John Dikeman, M.D., 129 Montague Street,

Brooklyn, X. Y. Professor of Surgery in the Long Island

College Hospital; Surgeon to the Brooklyn, St. Peter's,

and the Eye and Ear Hospitals.

1909. ScuDDER, Charles L., M.D., A.B., Ph.B., 209 Beacon Street,

Boston, Mass. Surgeon to the Massachusetts General

Hospital; Associate in Surgery at the Harvard ^Medical

School.

1902. Shepherd, Francis J., M.D., 152 Mansfield Street, Montreal,

Canada. Professor of Anatomy and Lecturer on Operative

Surgery in ]McGill University, ^Montreal; Senior Surgeon

to the Montreal General Hospital.

1905. Sherman, H.arry M., A.B., M.D., A.M., 350 Post Street,

San Francisco, Cal. Professor of Surgery in the University

of California; Surgeon to St. Luke's Hospital, San Fran-

cisco; Orthopedic Surgeon to the Children's Hospital, San

Francisco.

11895. SoucHON, Edmond, M.D., 2403 St. Charles Avenue, New
Orleans, La. Professor of Anatomy and of Clinical Surgery,

Tulane University; Surgeon to Charity Hospital; Consult-

ing Surgeon to the Eye, Ear, Nose, and Throat Hospital.

Vice-President, 1899.

1914. Starr, Frederic Newton Gisborne, M.B., M.D.C.M.,
112 College Street, Toronto, Canada. Associate Professor

of Clinical Surgery, University of Toronto; Surgeon to

Hospital for Sick Children, and to St. John's Hospital for

Women; Senior Assistant Surgeon, Toronto General Hospital.

1911. Stewart, Francis T., M.D., 311 S. 12th Street, Philadel-

phia, Pa. Professor of Clinical Surgery, Jefferson Medical

College; Surgeon to Germantown Hospital; Out-patient

Surgeon, Pennsylvania Hospital.

1915. Stewart, George David, M.D., 61 West Fiftieth Street,

New York. Professor of Surgery, New York University

Medical School; Visiting Surgeon to St. Vincent's and

Bellevue Hospitals; Consulting Surgeon to Hospital for

Ruptured and Crippled of New York, to St. Joseph's

Hospital, Yonkers, to St. Mary's Hospital, East Orange,

N. J., to South Side Hospital, Babylon, L. L, and to Engle-

wood Hospital, Englewood, N. J.
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LECTED Buchanan Street, San

SrSu'^tn 'tine HospUa, and City and County

Hospital. D.Sc.,LL.D., Washington,- ^rc:^C:l|ne^-5rr'a^^^ae.~
1909. Summers, John Ecw^^'^' '

;^ ^; ^he Clarkson Memorial,

T^^l^^. atrrCgiass county HospUa.,

Omaha, Neb.

T \TT) 18-' ^ Pine Street, Philadelphia.

University of California Hospttal.
^^^^^^^^^^ ^^,^.^^^^^^
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trSSs. T™"-°^pVjf;f,rEmeritu; oj Surgery, Medical Department,
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^ \ AT M D Ph.D., LL.D., 28 Eagle

tx882. VANDER VEER, ALBERT A31.M^
^^^^^^^ ^^^^.^^,

St., Albany, N. Y. ^^^^^^^^^^^^ ^^spital; Consulting

College; S-g^-^^f^^^^^ Consulting

Surgeon, Albany ^'^^^^''P^^^^-^^.ton N. Y., and Cham-
Surgeon, Benedictme Hospial Kmgs^on^^

.

nlain Valley Hospital, Plattsburgh, ^^ •

.^
•

' ^
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,9.0. VAKOER VEER, ^BO-.R ALBERT Jh.B.^^Ml).,^^
^^^^^^^^^

street, Albany, N \. >- '^
Surc^eon, Albany Hos-

Albany Medical College;
^;,^^"^"-^^^^

pital; Consulting Surgeon, Champlam vane)

X Deceased.
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1902. Vaughan, George Tully, M.D., 1718 I Street, Washington,

D. C. Professor of Principles and Practice of Surgery,

Georgetown University; Professor of Surgery and Genito-

urinary Surgery, Washington Post-Graduate Medical

School; Chief Surgeon, Georgetown University Hospital;

Surgeon, Emergency Hospital; Consulting Surgeon, Gov-

ernment Hospital for the Insane, Washington, D. C;
Assistant Surgeon-General, U. S. Public Health and IMarine

Hospital Service.

1 89 1. Walker, Edward W., M.D., 30 Garfield Place, Cincinnati,

Ohio. Professor of Surgery, Miami Medical College.

1909. Walker, John B., M.D., 50 E. Thirty-fourth St., New York,

N. Y. Surgeon to the Bellevue Hospital; Assistant Sur-

geon to the Hospital for Ruptured and Crippled, New York.

ti882. Warren, John Collins, M.D., LL.D. (Jefferson), Hon.

F.R.C.S. (Eng.), 58 Beacon Street, Boston, Mass. Professor

of Surgery in Harvard University; Surgeon to the Massa-

chusetts General Hospital. President, 1896; Vice-President,

1890; Member of Council, 1897.

11896. Watson, Francis Sedgwick, A.B., M.D., 92 Marlborough

St., Boston. Surgeon to the Boston City Hospital; Instruc-

tor in Genito-Urinary Surgery, Harvard Medical School.

1913. Watts, Stephen H., M.A., M.D., Department of Surgery,

University of Virginia, Charlottesville, Va. Professor of

Surgery and Gynecology in the University of Virginia;

Surgeon-in-Chief, University of Virginia Hospital.

ti889. Weir, Robert F., A.M., M.D., Hon. F.R.C.S. (Eng.), Cor.

Mem. Surg. Soc, Paris, 11 East Fifty-fourth Street, New
York. Professor of Surgery in the College of Physicians

and Surgeons, Columbia University; Surgeon to the

Roosevelt Hospital. President, 1899; Member of Council,

1893-1896; 1901-03.

1892. Wharton, Henry R., A.M., M.D., 1725 Spruce Street, Phila-

delphia. Surgeon to the Presbyterian, Children's, and

Methodist Hospitals.

1914. WiNSLOW, Randolph, A.B., M.D., A.:\I., LL.D., 1900 Mt.

Royal Terrace, Baltimore, Md. Professor of Surgery,

University of Maryland; Chief Surgeon, University Hos-

pital; Surgeon, Hebrew Hospital; Consulting Surgeon to

Union Hospital, Elkton, Md., and to James L. Kernan

Hospital for Crippled Children, Baltimore.
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SENIOR FELLOWS

Allis, Oscar H., ]\LD., 1604 Spruce Street, Philadelphia, Pa.

Barton, James ^L, ^LD., 32 Xorth New Hampshire Ave., Atlantic

City, N. J.

Bradford, E. H., ]VLD., 133 Xewbury Street, Boston, Mass.

Carmalt, William H., M.D., 261 St. Ronan St., New Haven, Conn.

CuSHiNG, Hayw.^rd Warren, A.B., ^LD., 70 Commomvealth
Ave., Boston, Mass.

Dennis, Frederic Shepard, M.D., F.R.C.S. (Eng.), 62 East 55th

Street, New York, N. Y.

Elliott, John Wheelock, A.^L, M.D., 124 Beacon Street, Boston

Mass.

Gay, George W., 665 Boylston Street, Boston, Mass.

Gerrish,. Frederic H., A.M., M.D., LL.D., 675 Congress Street,

Portland, Me.
Gerster, Arpad G., ^LD., Chir.D., 34 East Seventy-fifth Street,

New York, N. Y.

Halsted, Wm. Stewart, M.D., 1201 Eutaw Place, Baltimore, Md.
Huntington, Thom.\s W., A.B., M.D., LL.D., 350 Post Street,

San Francisco, Cal.

Keen, W. W., A.^L, M.D., LL.D., 1729 Chestnut Street, Phila-

delphia, Pa.

M.A.STIN, Wm. M., ^LD., Northeast corner Joachim and Conti

Streets, Mobile, Ala.

Mears, James Ew-ing, A.M., M.D., LL.D., 1535 Land Title

Building, Philadelphia, Pa.

Monks, George H., A.B., M.D., M.R.C.S., 67 Marlborough
Street, Boston, Mass.
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Owens, John E->^^l-^''
« , m v

T V AID ,10 Franklin Street, Butfalo, N. Y.

PARMENTER, JOHN, M.D., S^Q

. . M AID ^13 South Seventeenth Street.

ROBERTS, JOHN B., A.M., M.D., 3 3

Philadelphia, Pa.
,20 Montague

Street, Brooklyn, P.. •

RusHMORE, John D., M.i^> ^ ^
^ , T .

. .AID .X03 St. Charles Ave., New Orleans, La.

SoucHON, Edmund, M.D., 2103

AT 11 The Cosmos Club, Washington, D^ ^.

THOMPSON, J.
FORD, ^^^^^

The ^«
^^^^^^^ Baltimore, Md.

X
TirrANY, L. McLane, M.D., S,x

. VEER . A.M., M.D., Ph.D.,LL.D., .8 Eagle Street.

Vander veer, --^-i

Albany, N.Y.

W^.. J.
CO.-. M^-.

f -rMXouT--! BCou,

WATSON, FRANCIS S., A.B., M-U-. 9

Mass. ^j^ „ East Fifty-fourtl. Street, Ne.- York.

Weir, Robert F., M.u.,

N. Y.
J Deceased.
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1907. Ballance, Charles Alfred, i\LD., M.S., University of

London, F.R.C.S. (Eng.), 106 Harley Street, London.

1891. Chiene, John, F.R.C.S. (Edin.), M.D. (Edin.), 26 Charlotte

Square, Edinburgh, Scotland. Professor of Surgery in the

University of Edinburgh.

ti8S5. Czerny, Prof. Dr. Vincent, 25 Sophien Strasse, Heidelberg,

Germany, Professor of Surger}^ in the University of Heidel-

berg.

1916. Depage, Prof. Dr. Antoine, Le Panne, Belgium.

191 1. VON EiSELSBERG, Freiherr Anton, Vienna, Austria. Pro-
fessor of Surgery, Vienna University.

1916. GoRGAS, WiLLLAM C, Surgeon-General, A.B., M.D., Sc.D.,

LL.D., War Department, Washington, D. C.

1S90. Horsley, Sir Victor Alexander Haden, F.R.C.S. (Eng.),

25 Cavendish Square, W., London.

1894. KocHER, Prof. Dr. Theodor, 25 Villette, Berne, Switzerland.

Professor of Surgery, University of Berne.

1894. Macewen, Sir William, M.D., M.B., M.S., 3 Woodside
Crescent, Glasgow, Scotland. Professor of Surgery, The
University, Glasgow.

1908. Moynihan, Sir B. G. A., M.S. (Lond.), F.R.C.S., 37, Park
Square, Leeds, England. Surgeon to the Leeds Infirmary,

1907. Myles, Sir Thomas, M.D., F.R.C.S.I., ^7, Merrion Square,
N., Dublin, Ireland,

t Deceased.
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GEORGE WASHINGTON GUTHRIE

George W. Guthrie, a Fellow of the American Surgical Association

since 1908, was born in Guthriesville, Chester County, Pa., on January

28, 1845, and died at his residence in Wilkes-Barre, Pa., June i, 1915,

after a lingering illness, dating from about September i, 19 14.

He was a descendant of Scotch Presbyterians, who emigrated early

in the eighteenth century, and settled in eastern Pennsylvania. He
received his early education in the public schools, and graduated at

the Pennsylvania State Normal School at ]Millersville, Pa., in 1867.

He spent some years in teaching in public schools, which work another

has called "that training table of so many vigorous and rugged

intellects."

His professional education was received at the Bellevue Hospital

Medical College and at the University of Pennsylvania, from which

latter institution he was graduated in 1873. He was for some months
interne in the Philadelphia Hospital (Blockley), and then located

permanently in Wilkes-Barre, where he spent the balance of his life

in the active practice of his profession.

He was married on September 24, 1879, to Sarah Hollenback

Wright, who survives him with two sons: Dr. Donald Guthrie,

surgeon-in-chief of Robert Packer Hospital, Sayre, Pa., and Dr.

Malcolm Guthrie, engaged in the practice of medicine in Wilkes-

Barre; and two daughters, Jessie Wright Guthrie and Jean McClintock
Guthrie, now at home.

Very soon after settling in Wilkes-Barre, Dr. Guthrie was appointed

on the staff of the Wilkes-Barre City Hospital, which position he held

for nearly forty years. He resigned from the active staflf in 19 12, and
was made consulting surgeon and ex officio a member of the Board of

Directors. He was also consulting surgeon of the Pittston Hospital,

of the Palmerton Hospital, Palmerton, Pa., and of the Robert Packer

Hospital, at Sayre, Pa.

He occupied many positions, and was a member of many medical

and other societies. He was secretary of his local county society for

seventeen years, and later its president, and throughout his career
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one of its most acti\'e and intluential members. He was a member of

the Lehigh Valley Medical Association, and its president in 19 12- 13.

and of the Medical Society of the State of Pennsylvania, in which

society his work was varied and valuable, and of which he was presi-

dent in 1900. He was also a member of the American Medical

Association, the American Climatological Association, a Fellow of

the American College of Surgeons, and a member of its first Board

of Go\'ernors.

He took an active interest in the American Medical Association, and

"was a member of its House of Delegates from Pennsylvania for many
years, until he refused further appointment in 1913. He was a

member of its Judicial Council at the time of his death.

Dr. Guthrie was essentially a surgeon. He was well read in the

literature of surgery and medicine, and contributed many valuable

papers, chiefly surgical, which ha\'e been published in the Pennsylvania

Medical Journal, the Journal of the American Medical Association,

and elsewhere. He was long regarded as the chief surgeon in his

part of the State.

His interests were not limited to his profession, for he was a citizen

of the highest rank. He was particularly active and influential in

the management and direction of the public schools of his adopted

city, in which he was a teacher from 1869 to 1871, and of whose

Board of Directors he was a member for nearly forty years.

Dr. Guthrie was a positive man, a man of strong convictions, and

one always ready to maintain those convictions; but, withal, a man
singularly genial and companionable. His friends, and their name is

legion, will remember him best for these kindly traits, which endeared

him to all. He loved the social hour and commingling w'th friends; and

he especially enjoyed the social gatherings of his medical brethren, at

whose banquets he was always an endeared and ap])reciated guest.

Amid the care of a busy and exacting profession, the studious

habits formed in his earlier years never left him, and he found time

for extensi\'e general reading and was well informed on the topics of

the day. He especially loved poetry, and could cjuote indefinitely

from his favorite authors with a charm that ih\ cr failed to cai)tivate

his hearers.

His life ran true to his pers])ective; the rich red blood of a militant

manhood flowed through his veins; men honored and trusted him, and
his friends loved him with true devotion. Death claimed him in the

full maturity of a useful and well-spent life, and he has not lived in

vain. ''The pollen of his life has touched many other lives, and will

bloom in sad, sweet memories that will come through the years in the

(|uiet hours of retrospection." W. 1,. R.
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FRANK JOSEPH LUTZ, M.D.

Frank J. Lutz, prominent as a surgeon in St. Louis and the State

of Missouri, died of heart disease at his home, on March 24, 19 16.

Dr. Lutz was born in St. Louis, May 24, 1S55, and grew up and

received his education in his native city, taking his A.B. degree from

the St. Louis University and his M.D. from the St. Louis Medical

College. He entered at once into the practice of his profession, in

which he took an active part, and very soon became prominent.

Dr. Lutz was a born politician and a leader of men, and it was not

long before he was taking a prominent place in the medical affairs

of the city, being at one time president of the St. Louis Medical Society,

and later president of the State Medical Society, in consequence of

his valuable activities in the State. He also occupied a conspicuous

position, and took an active part in the affairs of the American Medi-

cal Association, of which he was, at the time of his death, a member
of the Board of Trustees.

Dr. Lutz was a man of literary tastes and a great lover of books,

especially of old and rare books; and any spare time at his disposal,

both at home and when visiting other cities, he would spend in old

book shops, where he often picked up valuable and interesting volumes,

of which his library contained many. He was especially interested in

medical history, and contributed many articles of historical interest

to medical societies and journals. It was through his efforts that

the St. Louis Medical History Club was organized.

Being a clever and a pleasing speaker, he was especially fitted for

the profession of teaching; and he entered into this work immediately

after graduating in medicine, and continued in it until a very short

time before his death, being at that time professor of clinical surgery in

the Medical School of Washington Uni\ersity.

At different times in his career Dr. Lutz occupied prominent

positions on the stalT of different hospitals, among them the Alexian

Brothers' Hospital and the Josephine Hospital, in both of which he

was chief of staff. He was also one of the surgeons on the staff of the

Barnard Free Skin and Cancer Hospital. He was a member of many
medical societies, among them the American Medical Association, the

International Surgical Association, the American Surgical Associa-

tion, the Missouri State Medical Association, the St. Louis Surgical

Society, the St. Louis Medical Society, the St. Louis Medical History

Club, and others, in all of which he was an active member. He was
a member of the State Board of Health from 1893 to 1897, Surgeon-

General of the State of Missouri from 1886 to 1904, and at one time

was vice-president of the Police Board of the city of St. Louis.

Am Surg C
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As a politician Dr. Lutz was enabled to render much sen'ice to his

profession; and, as his ideals were always of the highest, it is safe to

say that he did more than any three other men to elevate the standard

of medicine in his native State; and, when the fate of the Surgical

Library in Washington hung in the balance before Congress, by his

political power he was able to influence the \otes of some of the

Missouri Congressmen, so as to aid very materially in the passage of

the bill in its favor.

One of the most conspicuous works of Dr. Lutz's very active career

was the building up of the St. Louis Medical Library', of which he

was librarian from its foundation, and influential in having it trans-

ferred to the St. Louis Medical Society. As an acknowledgment of

his work in that direction, the members, before his death, presented

to the society a life-size bronze medalion portrait of him.

In summing up the qualities that made Dr. Lutz the notable man
that he was, may be mentioned his ability as a teacher and operator,

his fearless advocacy of clean medicine, his power of influencing

others to work, and his almost aft"ectionate loyalty to those he knew
to be his friends.

With the passing away of Dr. Lutz the medical profession in St.

Louis and throughout the State of Missouri realizes that it has lost

one of its most valualjle members. X. B. C.

WILLL\M LOUIS RODMAN, M.D.

William Louis Rodman, A.M., ]M.D., LL.D., of Philadelphia, the

president of the American ^Medical Association, died unexpectedly in

that city from a few days' illness of pneumonia, on March 8, IQ15.

Born in Frankfort, Kentucky, on September 27, 1S58, Dr. Rodman,
after academic studies in his native State, became a student in the

JeiTerson ^Medical College of Philadelphia, from which he received

his degree of Doctor of Medicine in 1879. His virile temperament,

gentle manliness, and professional ability, observable during student

years, made his return to Philadelphia in i8q8 as Professor of the

principles of surgery and chnical surgery in the Medico-Chirurgical

College most acceptable to his former medical friends of that city.

He at once became a prominent part of its medical life. He was soon

elected a Fellow of the College of Physicians of Philadelphia and of

the Philadelphia Academy of Surgeons; and a member of the Phila-

delphia County Medical Society, and the Medical Society of the
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State of Pennsyh-ania, as well as a member, and afterward a fellow,

of the American Medical Association. Later he became president of

the Medical Club of Philadelphia and held important positions in

some of the medical organizations just mentioned. In addition to

the occupancy of a surgical chair in the :Medico-Chirurgical College,

he became professor of surgery and clinical surgery in the Woman's

Medical College of Pennsylvania and attending surgeon to the Presby-

terian Hospital and to the Philadelphia General Hospital.

His engaging manner, high standards of professional conduct, teach-

ing ability, and surgical acumen made him many warm admirers, and

secured him a valuable surgical practice. His writings on the surgery

of the stomach and on tumors of the mammary gland, his activities

in behalf of higher medical education, especially in the Association of

American Medical Colleges and the American Medical Association,

and his finally successful advocacy of a National Board of Medical

Examiners, caused him to be well known and highly regarded

throughout the entire United States and also in Europe.

His early medical life included surgical service in Indian Territory

as acting assistant surgeon in the United States Army and private

practice in the State of Texas. He also held important positions as a

teacher of surgery in the medical schools of Louisville, Ky. His

surgical reputation led to his election to fellowship in the American

Surgical Association, the Association of Military Surgeons of the

United States, the American College of Surgeons, and the Societe

Internationale de Chirurgie.

With these professional opportunities and affiliations his achieve-

ments naturally made him one of the best-known surgeons of his

adopted city, and his sudden demise brought acute sorrow to many

patients, friends, and colleagues. An obituary notice in one of the

current medical journals has truly described him as one of the most

important, valuable, and necessary men in American medicine.

Dr. Rodman left a widow, the daughter of Dr. J. Q. A. Stewart, of

Kentucky, a son, Dr. J. Stewart Rodman, and two daughters. Miss

Virginia Rodman and Mrs. Lincoln Godfrey. Jr.. all residents of

Philadelphia.

'

J. B. R.

JAMES GREGORY MUMFORD, M.D.

In attempting to record the professional life and achievements of

James Gregory Mumford, one cannot be conscious of writing an

ordinary obituary notice, for the subject of the sketch was not an

ordinarv man.
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Dr. Mumford was born in Rochester, X. Y., December 2, 1863,

graduating from Harvard College in 1885 and from the Harvard

Medical School in 1890. While for years after graduation he was

engaged in general practice, his inclinations and his principal activities

were in the direction of surgery.

In 1892 he was appointed surgeon to out-patients at the Carney

Hospital, and in 1894 he was made assistant in surgery in the Harvard

Medical School and in 1903 instructor. In 1905 he was appointed

visiting surgeon to the Massachusetts General Hospital, a position

which he retained for about seven years, resigning finally to become
physician-in-chief to the Clifton Springs Sanitarium in Xew York
State. For a period he acted as surgeon of the Xaval Brigade of the

Massachusetts Volunteer Militia, and also as surgeon in the Medical

Reserve Corps of the United States Army.
He was a member of the Massachusetts Medical Society, the

American ^ledical Association, and the American Society of Clinical

Surgery, and a Fellow of the American Surgical Association and the

American College of Surgeons. He was also a member of a number
of other professional societies both here and abroad.

He was well known as a writer throughout the country, and the

products of his pen bore the stamp of the author's sincerity, industry,

and desire for truth; moreover, his attractive and unusual literary

style enriched and enli\'ened whatever subject he saw ht to portray.

His writings will long remain examples for medical men, for they

pro\e that writing upon medical subjects, and employing a good

literary style are not incompatible, but may be made to harmonize

and supplement one another perfectly.

His industry was unfailing, and, though a busy practising doctor,

during his comparati^•ely short life (^fifty-one years) several books and
nearly sixty articles on professional subjects came from his hand.

His books are:

.1 Xorrative of Medicine in America, 1903.

Clinical Talks on Minor Surgery, 1903.

SurgicalAspects ofDigestive Disorders {wkh Dr. A. K. Stone), 1905.

Surgical Memoirs and Other Essays, 1908.

The Practice of Surgery, 19 10.

.1 Hundred Surgical Problems, 19 11.

A Doctor's Table Talk, 10 12.

He was also the author of the historical sketch entitled " Xarrative

of Surgery" in the first volume of Keen's Surgery.

Dr. Mumford was, furthermore, an enthusiastic teacher of surgery,

and this side of his professional life as well as the demands of his

practice occupied much of his time and interest. He was an indepen-



REPORT OF THE COMMITTEE OX NECROLOGY XXXVll

dent thinker and the originator of many reforms as well as an ardent

advocate of all measures which he considered to be in the direction of

real improvement.

Dr. Mumford died at CUfton Springs Sanitarium October i8, 19 14.

He leaves a record of earnest endeavor and brilliant achievement, and

a special regard among his associates. G. H. ^I.

DAVID WILLIAMS CHEEVER, M.D.

With the death of Da\-id Williams Chee\'er ended a career whose

story illustrates the history of surgery during the last half-century,

and which played a leading part in the practice and teaching of surgery

in New England and the Harvard Medical School during that period.

His long life of eighty-four years touched three great epochs: as a

young man, before his medical education, he accompanied his father

and assisted him in operations and surgical therapeutics before the

introduction of anesthetics; his first years of practice antedated the

discovery of the principles of antisepsis and later asepsis; while his

chief work was carried to fruition under the beneficent influence of

these great discoveries. He kept pace with and contributed to the

enormous advances in surgical science of this notable period.

Dr. Cheever was born in Portsmouth, X. H., on November 30,

183 1. He was of English Colonial stock, the direct descendant in the

seventh generation of Ezekiel Cheever, who came to Massachusetts

Bay in 1637, and was for many years master of the Boston Latin

School. Of his immediate ancestors, the majority followed the

intellectual professions; he himself was the third in succession to

embrace medicine, and the fourth to hold a degree from Harvard
College. His grandfather, Abijah, practised medicine in the vicinity

of Boston, and served with credit as a surgeon in the Revolutionary

War; his father, Charles Augustus, was a leading figure in the profes-

sion in New Hampshire, and had a wide reputation in surgery. Dr.

Cheever graduated from Harvard College with the class of 1852, with-

out having discovered any strong inclination to determine his choice

of a career. A year or more of travel and study in Paris, and associa-

tion with the colony of American medical students there, aroused his

latent instincts, and he returned to the Harvard Medical School,

where he graduated in 1S58, having also passed a year of practical

work as resident at the State Hospital on Rainsford Island. In the

school he was most facinated by anatomy, as charmingly taught by
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Oliver Wendell Holmes, and by the dramatic lectures and clinics in

surgery of Henry J. Bigelow, to whose chair he was destined later to

succeed. On graduation he entered general practice; and, while

awaiting recognition, supported himself by writing medical articles in

popular vein for leading periodicals, and by attending a smallpox

hospital during an epidemic.

In iS6o he was appointed demonstrator in anatomy at the Harvard

Medical School, an event which pointed his future career toward teach-

ing and surgery. For the next eight years he prepared Dr. Holmes's

lecture-dissections, and revolutionized the teaching in the dissecting-

room, introducing a system of class-dissections and teaching over the

cadaver which developed his genius, doubtless inherited, as a teacher.

Thus skilled in a knowledge of anatomy and in dissection, he was

ripe to grasp the great surgical opportunity which was presented by

the establishment, in 1S64, of the Boston City Hospital. He sought

and obtained the appointment as visiting surgeon, the youngest on

the staff; he performed the first operation in the hospital, and from

that day forward the best hours of his active life were devoted to the

hospital and medical school. Meanwhile the Civil War had broken

out, and Dr. Cheever, urged by inclination and ideals to go, was

conscientiously restrained by the necessity of supporting his wife

and infant children. He gave some months' service as acting assistant

surgeon in an army hospital in Washington, and always afterward

regretted that duty forbade him to win the button of the Loyal Legion.

Now having a reputation as a teacher and control of clinical material,

Dr. Cheever's promotion was rapid. In 1S66 he was appointed assis-

tant professor of anatomy, then adjunct professor of clinical surgery,

professor of clinical surgery, and finally, in 1882, he v. as given the

chair of surgery, succeeding Dr. Henry J. Bigelow. This progress

was not achieved without opposition, for members of the staff of the

Massachusetts General Hospital traditionally had always held the

teaching posts in the Harvard Medical School; but his high character

and al)ilities finally won ungrudging recognition, and mutually cordial

friendship and respect marked his relations with these colleagues. In

1893, at the age of sixty-two, with characteristic determination that no

subtle and unnoticed deterioration of his vigor should work harm to

the discharge of his duties, he resigned from the professorship, to which

succeeded his friend and junior colleague, J. Collins Warren. He
was made professor emeritus, and the next year Harvard conferred

on him the honorary LL.D. In 1895 he resigned from active hospital

work, but served for many years more as president of the hospital staff.

He also served the University as a member of the Board of 0\erseers

for twelve years, from 1896 to 1908.
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Such is a bare recital of the various steps in a notable career—to

paint a pen-picture of the man and his work is quite another story.

Dr. Cheever was tall, slender, grave, and often preoccupied in his

demeanor, but with a manner which gave ready response to humor
or gaiety. Weighing rarely more than one hundred and thirty-five

pounds, his slight physique seemed scarcely robust enough to support

the burden of physical and mental work and anxiety which he carried.

Through much of his active life he suffered from a distressing functional

disturbance, the existence of which even his intimates could scarcely

suspect. Though of a philosophical turn of mind, his calm and im-

perturbable manner was, in reality, the fruit of an iron self-control,

which gave little hint of a sensitive and anxious disposition. He did

not have the gift of placing responsibility and worry about patients

on the shoulders of assistants—his temperament required that every-

thing must be done by himself. An impecunious hospital patient,

brilliantly operated on, was visited every day for a year to insure his

complete recovery. True to the proud traditions of his profession,

the needs of the patient rather than his means governed the assiduity

of his care.

Like all his contemporaries, Dr. Cheever began as a general prac-

titioner, but surgery claimed his chief interest. His judicial, well-

ordered mind and highly trained faculty of deductive reasoning, his

experience and keen power of observation made him an able diagnos-

tician. The diagnosis arrived at, the plan of treatment was carefully

mapped out; if operative, were the case a serious or unusual one, the

operation was frequently worked out on the cadaver, and every pos-

sible contingency provided for. No one ever saw him at a loss at the

disclosures of the disease laid bare. At the operating table, a keen eye,

a steady hand, average manual dexterity, an unsurpassed familiarity

with anatomy, and a well-considered plan contributed to a speedy,

sure, and safe execution of the needed measures. In the days when
immediate microscopic diagnosis was unavailable, or not to be trusted,

his knowledge of gross pathology was reliable. Conservative rather

than adventurous, he yet was daring and radical when a case demanded
heroic measures, and his gentle manner disguised a nerve of steel.

He originated or revived many unusual operations: esophagotomy,

plastic displacement of the upper jaw for the removal of tumors of the

nasopharynx, removal of malignant disease of the tonsil through the

neck; he perfected Wood's operation for the radical cure of hernia; he

performed the first two consecutive successful ovariotomies in Boston

(before antisepsis) ; he was one of the earliest, if not the earliest, in this

vicinity to do Cesarean section. He was the valued correspondent

of Oilier, of Lyons, who was interested in his subperiosteal resection of
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long bones; of Reginald Harrison, of London, in whose specialty he

was doing Cock's operation for impermeable stricture; of Holmes,

of London, in regard to excisions for coxalgia; of Billroth, of Vienna,

who compared notes with him in the surgery of the tonsil. Not the

least noteworthy characteristic was his elasticity and receptivity to

new ideas. The advent of the newer abdominal surgery found him

interested and prepared to meet it.

As a teacher, Dr. Cheever was strikingly effective. In accordance

with the prevailing usage, the systematic instruction in surgery at

the Harvard ]\Iedical School comprised a course of didactic lectures.

These lectures, delivered extemporaneously, without notes, in an easy

conversational manner, were so carefully digested, condensed, and so

lucidly expressed in simple, clear English that they were taken down
in shorthand and published almost without correction as a volume,

entitled Lectures on Surgery. As a clinical teacher he had the faculty of

stimulating the interest of students, and of striking at the essential

features of a case without useless circumlocution, often summing it up

in epigrammatic style, which impressed it on his hearers. Showing

a case of delirium tremens in a young man to the class, he held his

own steady hand beside the trembling hand of the patient, and

said, "An old man, temperate; a young man, intemperate." His

interest in his students was personal and real, following them through-

out their careers. He was a prominent figure in carrying out the

reform in medical education at the Harvard Medical School under

the leadership of President Eliot.

Dr. Cheever's publications were many monographs and papers on

surgical topics, his book of lectures, and many essays on various

aspects of medicine—notably an essay entitled ''Medicine as a

Trade and Medicine as a Profession." The live volumes of the

City Hospital Reports from i86g'-i8Q4 were edited by him, and much
of the surgical text therein was from his hand. He was always

interested and played his part in the public and social aspects of

medicine in his community, aiding in procuring good legislation and

lighting bad measures. He supported vigorously all organizations

for medical improvement; he valued especially his membership in

the American Surgical Association, of which he was an early member,

and became the seventh president in 1889. He held similar offices

of trust in other organizations too numerous to mention, among
them the Massachusetts ]VIedical Society. He was a leader in any

measures that pertained to the health and well-being of the community.

Of the personal side it is not fitting to speak here at length. His

marriage and the advent of six children, four of whom survive, consti-

tuted his greatest happiness. His intense love of Nature in all her
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moods was indulged in what vacations he could snatch from his busy

life; his interest in humanity found expression in travel in foreign

lands. His personal relations with his patients were ideal—his stand-

ards w-ere high and his daily Ufe consistent with them. In retirement

during the last years of his life he enjoyed the leisure to live again with

Nature, again he turned to the classic authors of his student days;

he continued to pursue outdoor exercise lest physical slothfulness

should impair his enjoyment of the world he loved. His physical

powers declined, but his mind lost none of its keenness to the end.

On December 27, 1915, shortly after his eighty-fourth birthday, he

died as he would have wished to die, after a short illness, in full

possession of his faculties, attended by a beloved physician, his former

student, and surrounded by his family, save a son, who, at his express

wish, had gone to help bring relief to the wounded in Europe.
" His ideals were sane and noble ; he was truth and justice personified,

and a tower of strength and comfort in time of trouble. For half a

centurv he has been a guide and inspiration to his fellows."

H. A. L.

PAUL LEOPOLD FRIEDRICH, M.D.

Paul Leopold Friedrich, Privy Medical Councillor and Director

of the Surgical Clinic of the University of Konigsberg, died at his

home on the fifth of January of this year.

Friedrich was born in 1864 at Roda in Sachsen-.-\ltenberg. On
recei\'ing his medical degree from the University of Leipzig he became

active assistant physician in the army of Saxony, and was detailed

i:o the Kaiserliche Gesundheitsamt in Berlin under the direction of

Robert Koch. For three years he occupied himself chiefly with

bacteriologic problems. In 1892 he secured a position on the staff of

Thiersch, director of the surgical clinic of the University of Leipzig.

Two years later he qualified as instructor. In 1S96 he was given the

professorial title of Extraordinarius in this university, and was

appointed director of the surgical polyclinic. In 1903 he accepted the

chair of surgery at Greifswald, in 1907 at Marburg, and in 191 1 at

Konigsberg.

In 1909 Friedrich came to America in response to an in\itation

from the American Surgical Association, and read before this Society

an admirable paper on the "Operative Treatment of Tuberculosis

of the Lungs with Total Thoracoplastic Pleurojineumolysis." He
was made Honorarv Fellow of the Association in 19 10.
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The years spent in the laboratories of the Hygienic Institute

undoubtedly are responsible for his choice of themes in his clinical

work, and made possible for him investigations along paths which are

closed to many surgeons. From about 1907 to the outbreak of the

war his interest centred in the surgery of the chest, particularly in the

surgical treatment of pulmonary tuberculosis. Many of the American

surgeons who visited his clinic at Marburg and Konigsberg were

attracted by the renown which he had acquired in this field of surgery.

Friedrich was a bold, skilful, and resourceful operator, a stimu-

lating, brilliant teacher, and a masterful surgeon.

When war was declared, Friedrich, seemingly in excellent health,

at once went to his post in the field with the First Army Corps. His

death is attributed to the hardships of the campaign.

He was the author of a very large number of valuable papers

relating especially to the surgery of the chest and its viscera.

W. S. H.

SOLON MARKS, M.D.

SoLOX Marks, an original Fellow of the Association, was born

July 14, 1827, in Stockbridge. Vermont. His preliminary education

was obtained in district and private schools, including Royalton

Academy, and his medical training at the Rush Medical College, from

which he graduated in 1853.

He practised in Jefferson and Stevens Point, Wisconsin, until 1861,

when he was commissioned suigeon, with the rank of major, in the

loth Wisconsin Infantr}'. He was promoted to the brigade surgeoncy

in 1S62, became division surgeon in the fall of the same year, and con-

tinued thus until his honorable discharge in November, 1864, after

which time he practised in Milwaukee until his retirement from acti\'e

work in 1902.

His membership in various organizations indicates his wide interest

in public affairs. He was a member of the Wisconsin State Board of

Health from the time of its organization until 1903, for many years

serving as its president. He was a member of the Milwaukee Medical

Society, the Wisconsin State Medical Society, being its president in

1870, the American Medical Association, the Medico-Legal Association

of New York, the American Public Health Association, Wisconsin

Academy of Art, Science, and Letters, and the American Historical

Societv.
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His high standing as a citizen and in the profession in Wisconsin

was an adequate commentary upon the success of his life. His gentle,

cheerful courage during the many weeks of the painful illness, which

terminated his career, and his interest, virtually as long as he remained

conscious, in the new and beautiful things of the world, was most
inspiiing. The greatest contributions, which he made by his Ufe, were

generosity, personal and professional integrity, and intense loyalty

—

attributes that are particularly desirable at all times, but in none,

perhaps, more than the present. J. L. Y.

JAMES WILLIAM WHITE, Ph.D., M.D., LL.D.

James William White, named for his father, who figured promi-

nently as a successful business man, as founder of the Maternity Hos-
pital, and as first president of the Board of Charities and Corrections of

Philadelphia, was born in 1850, was educated in the Quaker and pubHc
schools, and the University of Pennsylvania, from which he graduated

in 1S71, receiving both the degrees of M.D. and Ph.D. Immediately
thereafter, as a member of the personal staff of Professor Louis Agassiz,

he joined the celebrated Hassler Scientific and E.xploring Expedition

to South America, and remained with it for upward of a year. On his

return to Philadelphia, he became resident physician to the Philadel-

phia Hospital (187,0; iind subsequently to the Eastern Penitentiary

(1874-77), of which institution he afterward became Inspector;

Surgeon to the First Troop of Philadelphia City Cavalry (1878-88),

fighting with a fellow trooper the last formal duel with pistols recorded

in the annals of this city.

Dr. White was the first professor of physical education at the Uni-

versity of Pennsylvania, having inaugurated the department in 1884;
and he ser\'ed without salary until it was established.

In 1886 he was made by the University of Pennsylvania trustees

professor of genito-urinary surgery; in i8qo professor of clinical sur-

gery: in igoo John Rhea Barton professor of surgery, thus holding

the head of the department until his resignation in 19 10. He was
surgeon to the University, Philadelphia, and German Hospitals.

In igo6 he was given the degree of LL.D. by the Uni\-ersity of

Aberdeen on the occasion of its four hundredth anniversarv, and was
chosen to make the speech of congratulation on behalf of all American
universities.
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Among his many contributions to literature should be mentioned

his classical brochures on "Urethral Stricture," "Hereditary Syphilis,"

"Iodide of Potassium in Syphilis," "The Supposed Curative Effects of

Operation? per se,'' and "The Surgery of the Hv-pertrophied Prostate."

He was joint author of the American Text-book of Surgery (1896),

Genito-urinary Surgery (1897), and PiersoFs Human Anatomy (1907).

Among the public and semipublic positions he held at the time of

his death were those of ad\dsory surgeon to the Pennsylvania Railroad

Company, Commissioner of Faiimount Park, Director of the Western

Saving Fund Society, and Trustee of the University of Pennsylvania.

He was a member of the Rittenhouse, Country, Corinthian Yacht,

Franklin Inn, and other Philadelphia clubs; of the Reform Club, and

Automobile Club of London, and of the S%\'iss and American Alpine

Clubs. •

He was married in 1888 to Letitia, daughter of Benjamin Harrison

Brown.

Through him, as their chairman, a committee of the alumni pre-

sented to the University (December 14, 1904) a fully equipped gym-

nasium and athletic field at a cost of nearly S6oo,ooo. Later he not

only accomplished the erection of the Training House and Dormitory,

but secured a further sum of $50,000, now much increased, for the

advancement of physical education and athletics—the disposition of

which was left to him as sole trustee.

For the hospital of the University he raised from private donors,

usually his personal friends and patients, more than S 100,000; and he

further secured for the purpose of clinical surgery the Hunter bequest,

estimated at more than 8300,000.

During his last illness, terminating April 24, 1916^ Dr. White lay

in a room of his house looking out on Rittenhouse Square, which

recently had been converted from the commonplace to extraordinary

beauty by the wise expenditure of $40,000, in the main raised by him.

Beginning with what he called lumbago, started by a strain incident

to playing basket ball, and characterized by pain referred along the

distribution of the external cutaneous of the left side, his suffering

grew slowly, but progressively worse, nor did it lessen with the ad\'ent

of paraplegia, and its usual attendant distressing complications. The
x-ray showed destruction of the third lumbar vertebra. Later, exten-

sive metastasis to the lungs took place, the immediate cause of death

being a complicating pneumonia. Microscopic examination showed

the invasion to be sarcoma, and that it had no relation to a bowel

resection, j)erfect in its results, done ten years before by Dr. William

J. Mayo for the relief of obstruction due to chronic diverticulitis.

Dr. White so wrote and taught that his readers and students, in
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their easy apprehension of his messages, were only subconscious of

the perfect art with which they were deUvered—an art natural, but

assiduously (at times laboriously) cultivated.

He was amazingly strong and unceasingly active. Hanging mod-

estly framed in the room next that in which he passed his last months

was a nautical chart, giving the course of his swim in September, 1880

—a most remarkable athletic performance. His course was from

Spring Wharf, Xe\\port, R. I., to Permanent Wharf, Fort Adams, to

Beaver-Tail Lighthouse Buoy off the end of Connanticut Island, and

to large rocks on the northeastern end of the beach at Xarragansett

Pier—a distance of about eight miles in straight lines drawn from point

to point, but much greater as he swam, for he had to contend with

constantly opposing currents and a head wind of such severity that

the attendant boat was managed with difhculty, white caps at times

coming over her side. This feat he accomplished in four hours and

forty minutes, without the slightest assistance. His achievement is

the more noteworthy in view of the fact that, during a part of these

hours, two professional swimmers of great repute had a race in the

inner harbor of Xe\\^ort, but failed to complete it on account of the

extremely low temperature of the water.

Dr. White rode to hounds, skated, bicycled, rowed, golfed, made some
long and trying mountain climbs, and, as a member of the Fencing and

Sparring Club, took first rank for his capacity of both hitting hard and

standing hard hitting. To one of his temperament this capacity was
frequently helpful, since he was fearless, positive, convinced of the

justice of the \'iews he held, and always ready to assert them.

At the outbreak of the present European War he became a propa-

gandist for the Allies, exhibiting an intensity of feeling partly ex-

pressed in a text-book for Americans, Germany and Pemocracy, and

numerous anti-Prussian articles api)earing in the public prints. He
was almost as much pleased Ijy the hundreds of threatening letters,

which these writings evoked, as by the extraordinary reception accorded

him in London by England's leaders.

Dr. White's last will and testament, signed, sealed, i)ublished, and

declared a little more than a month before his death, contains the

following re\ealing clauses:

I. My Executors wnll set aside from my estate the sum of Five

thousand Dollars ($5,000), which they will assign by Deed, properly

executed, to the Trustees of the University of Pennsylvania, ui)on

the condition that said Trustees will invest the amount thus j)aid o\er

to them, and will invest and re-invest said amount and all securities

in which the fund may exist and all accumulations thereof, for a period

of one hundred years after my decease.
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At the end of that time, the principal and the accumulated funds-

thus in the hands of said Trustees, shall be added to the general

endowment fund of the Hospital of the University of Pennsylvania. I

hope, but do not direct, that at said time the Trustees will appoint

a Committee, to include the Provost, the then Professor of English

Literature (or the Professor of such subject as shall most nearly cor-

respond to that term), and three member? of the Board of Trustees

chosen with reference to their interest in belles-lettres or in English

literature, which Committee shall be instructed by the Provost to

publish a record consisting of a certain diary, various contributions

to general and medical literature and other documents, to be selected

by my Executors in accordance with a memorandum I shall lea\'e and

put in the hands of said Trustees of the University of Pennsylvania

at the time of execution of the trust. I desire the publication to be

made on such terms, and in such manner, as shall constitute it a memo-
rial, which may be of interest as preserving a record of certain man-

ners, customs, and peculiarities of this period, of incidents in the life

of an ordinary citizen of Philadelphia, and of a teacher and practitioner

of surgery in the last half of the Nineteenth Century and the beginning

of the Twentieth. I am far from believing the diary or the other

documents or papers will have any intrinsic, literary or scientific value,

outside of this aspect of the case. Most of the diary is intentionally

trivial, and it ought to be noted, if my plan takes effect, that it was

meant as a collective letter to my mother and to the younger members
of. the family, and was in no sense written with the idea of making it

a public document. It has not been revised. I should like all expenses

of this publication to be paid, if possible, from this fund, and copies of

the publication to be placed in several public libraries and in the

libraries of a number of historical societies.

The Trustees are to undertake the care and preservation of the

aforesaid diary and other documents from the time of the execution of

the trust and during its continuance.

4. I give to the State of Pennsyh'ania the sum of Five thousand

Dollars ($5,000), to be held permanently In Trust by the State, to be

known as the "J. William White Fund." The income thereof is to

be given annually to that prisoner in the Eastern State Penitentiary

whose term has expired during the year, who has undergone his first

term of penal servitude (whether in that or any other prison), who is

under twenty-five, or over sixty-five, years of age, and who shall be

selected by the Board of Inspectors of the prison (from the prisoners

who meet the above recjuirementsX as the most deserving and most

likely to be helped to permanently honest ways by the gift of the

income of this fund. I do this in remembrance of mv vears of service
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as Resident Physician, and later as Inspector in the Eastern

Penitentiary.

5. I direct my Trustees to pay to the City of Philadelphia the sum
of Five thousand Dollars ($5,000), to be held In Trust by the Board

of City Trusts. The income from that sum is to be paid annually to

that patient, male or female, who has been discharged during the year

from the Surgical Wards or from the Venereal Wards of the Phila-

delphia Hospital, and who, in the opinion of the Surgical Staf^", the

Chief Resident Physician, and of the Surgeon (from the Visiting Staff)

who has been in charge of the case, ^^^ll be most likely to be helped

thereby to procure steady employment and to earn a decent liveli-

hood. The patients from these Wards in this Hospital were for many
years of the greatest use to me in acquiring necessary experience for

myself and in teaching my students. If this legacy shall do any good

to some of their unfortunate successors, it will accomplish my purpose.

I shall be glad to have it known as the "J. William White Fund,"

that my name may be associated with the Hospital with which I have

been almost continuously connected from 1873 (when I was an interne),

until now—a connection which I hope will endure until my death.

ic. To the University of PennsyKania I give the sum of Ten thou-

sand Dollars ($10,000), to be invested and held In Trust, with

directions to pay over the income annually to the Board of Managers
of the University Hospital, who shall award and pay each year, one-

third of said income as part of the "Letitia White Prize," to the nurse

who shall stand at the head of the graduating class for the year.

Another third of said income shall be dixided annually by said Board

of Managers among the resident i)hysicians at Christmas time. The
remaining third shall be used annually to buy Christmas presents for

the children then in the University Hosj)ital.

23. I give to my dear friends, William J. Mayo and Charles H.

Mayo, surgeons, of Rochester, Minnesota, or to the survivor of them,

if but one be living at the time of my wife's decease, the sum of Ten
thousand Dollars ($io,ooc). This I do not only in keen appreciation

of their services to me by which my life has been greatly prolonged,

but also in recognition of their invaluable contributions to surgical

science and their unceasing and unselfish labors for the good of

humanity.

I shall be proud if, by means of this bequest, they could in any
inconspicuous way, keep my name in remembrance, not as a donor,

but as a grateful patient, in connection with St. Mary's Hosj^ital, or

in any other way that may seem to them suitable and i)roi)er. Per-

haps a copy of this pro\-ision, printed and framed, would answer the

purpose.
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25. In Trust, upon the decease of my wife, to hold the sum of One

hundred and fifty thousand Dollars ($150,000), which shall be held

In Trust, as a permanent endowment by means of the income to be

derived therefrom, of a Professorship of Surgical Research in the

Medical Department of the University of Pennsylvania; the holder of

such Professorship to be known as the "J. WiUiam White Professor of

Surgical Research." I leave this sum In Trust, that the income thus

paid over from time to time by the Trustees of my residuary estate

may enable the occupant or occupants of the chair, by industry,

intelligence, and perseverance, to succeed in making additions to

surgical knowledge which will lessen the sum of human suffering.

I request that in the experimental work necessary for the prosecu-

tion of such researches, dogs be used as little as possible, and other of

the so-called lower animals be substituted whenever the character

of the work permits. This request requires no explanation to the

majority of right-minded persons.

An editorial in the Public Ledger speaks of Dr. White as "A true

personality, an American worth while, peculiarly fitted to sum up his

age and his time."

To this broad summation I have added a tribute to his unfailing

fearless truth and perfect and enduring loyalty. E. M.



PREPAREDNESS

By ROBERT G. LeCONTE, M.D.
PHIL.ADELPHIA

It is with a feeling of sincere humility that I endeavor to

express to you my deep appreciation of the great honor you

have conferred upon me. The presidency of this Association is

the crowning distinction of a man's Ufe, and to be raised to this

high ofhce from a quiet and uneventful surgical career makes me

more than ever sensible of my unworthiness to be so honored.

I can only thank you, and assure you that my appreciation and

gratitude are heartfelt.

There would seem to be but one fitting subject for my address:

a topic that is in every man's mind, that is daily discussed by

the press of the country, and which is likely to be the key-note

in the selection of candidates for the next Presidential election,

namely, preparedness.

What is preparedness ? To increase the efficiency of the mili-

tary establishment of the United States.

Why should this be done ? That our citizens may be safe-

guarded and permitted to enjoy life according to our laws;

that we may be protected from foreign aggression or oppression;

that the principles upon which our nation was founded shall be

maintained in the world; that international law, which no longer

exists because it cannot be enforced, shall be reestablished; and

this will take might as well as right.

If our country is to continue to be a power among nations,

it must have a trained force commensurate with its power, an

army, and above all a navy, of sufficient strength in ordinary

times to make its word respected. For extraordinary times of

Am Surg i
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national peril, it should have at its command a sufficient body

of trained citizens to meet that peril and avert it, or overcome

it. The art of war is as much a science as the art of medicine,

and its changes in the past twenty years are quite as pronounced

as those in medicine. It is foolish to suppose that men versed

in the elementary rudiments of a science can compete with the

trained scientist.

When bubonic plague threatened to invade the United States

on the Pacific coast, did the Government send first-year medical

students to combat it? On the contrary, educated laboratory

men and scientists of the highest medical ability were sent, and

promptly exterminated the threatened invasion of a great

plague.

Today there is raging in Europe the greatest pestilence that

has ever visited the earth. It is costing millions of lives, devas-

tating whole countries, impoverishing every nation that is in

its grip, and what are we doing to prevent its spread to our

shores ?

We have a handful of men trained to combat it, and Congress

has been debating for a year or more whether we shall double

that handful and make it two handfuls. It is like having a few

drugs in ounce bottles neatly labeled on a shelf, when tons of

medicine are needed.

The present w^ar in Europe has taught the woiid nothing if

it is not the lesson of preparedness. This country has never

entered a war in a state of preparedness, but has a lack of prepa-

ration ever prevented our going to war ? To argue that prepared-

ness for war invites war is as logical as preparedness for an epi-

demic invites the epidemic. The war in Europe has brought

about tremiendous changes in national life, and unless we pre-

pare to meet these changes and safeguard ourselves, our present

national existence may cease, and we may disappear from the

face of the earth as did the mammoth lizards and mastodon,

and for the same reason, inability to adapt themselves to the

changes in their surroundings.

For more than a year before the European war started, Ger-

many's plans for the invasion of Belgium were decided upon,

but not before a careful study had been made of the preparation
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and defences of both Belgium and Switzerland. What saved

Switzerland from destruction was no love for her people or high

regard for her nation, but her national policy of universal mili-

tary training, with the thoroughness of her preparation. Had
it been easier to go through Switzerland, the first attack would

have been on the Swiss, not on the Belgians. With a population

of 3,700,000, Switzerland can place in forty-eight hours 250,000

men in the hne, and have 200,000 more in reserve. They acknowl-

edge the principle that every man owes something to the nation's

service, and their military establishment costs about $7,000,000

a year: cheap insurance from national destruction.

I have heard a great deal of pacifist talk like this: What do

you want to prepare for? Who is going to fight us? Do we

want this country ruled by the military? etc., et ad nauseam.

Would any of these people cross the ocean on the finest steamer

in the world that lacked life-boats and life-belts, on the assurance

of the captain that no storm or fog, collision or iceberg, would

hurt the ship ? Yet the chances of the vessel reaching its desti-

nation safely are surely 100 to i, perhaps 1000 to i, on any given

voyage. But who can foresee on which particular voyage the

lifeboats will be needed ? Put our nation in the place of this

ship, with the captain and officers clamoring for adequate life-

saving apparatus. Would any passenger embarking oppose the

preparations of the captain ? Are we not all in the same ship ?

and because some of us want adequate protection, must we be

called fools and other things by the pacifists ? For many years

Lord Roberts advocated universal military training in England.

His opponents were always asking, "Whom are you getting

ready to fight ?" He could not tell then, but they have their

answer now.

When the European war ends the United States is going to

have most of the money in the world, and some of the nations

in Europe are going to have most of the shells. If we are not

prepared with an adequate navy and army, it will be easy to

convert shells into money at our expense. In the old days it

took two to make a quarrel and a fight, but now one nation when

ready can impose war on another, and the pretext is nominal

or immaterial.
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Unless universal military training is made a national policy,

this countr}' will never be prepared to meet a first-class power

in conflict. Xo other system can be considered as more than a

makeshift or a stop-gap, a source of delusion, but not of safety.

Any attempt to depend upon a volunteer system wdll fail, admir-

able as the volunteer spirit may be, for it means the organiza-

tion for war after war is upon us, and transferring the burdens

of war to the time of war, a policy which spells defeat. Univer-

sal military training modeled on a system similar to that of

Switzerland or of Australia is the only logical remedy. It is the

basic principle of defence upon which the democracy or represen-

tative government rests. It will lead unquestionably to better

citizenship, to better physical development, to a reduction of

crime, and will give to each man an education which the public

schools do not supply, something worth more to the individual

than reading, writing, and arithmetic, for it will teach him

obedience, self-control, and patriotism; and does education hold

three more important things in the preparation of youth for

manhood ? This service must be obligatory, one that all men
owe the nation during a certain period of their lives. They must

understand that military service is like any other service to the

nation if the country is to be successful. A real war, a war with

a prepared nation, will not be successfully fought by the United

States until that principle is in every man's head and has been

acted upon.

The present strength of the medical corps of the army is 443

medical officers and one Surgeon-General. In 1908 this number

was authorized upon the basis of an army of 65,000 men. This

was on a ratio of 0.7 of i per cent, of medical officers to the

enlisted strength. Since the passage of the above Act the army

has been increased about 50 per cent, without any increase in

the medical corps. This has reduced the ratio of the medical

corps to less than 0.5 of i per cent., a ratio entirely inadequate

to the proper performance of its duties, so inadequate that it

has had to supplement its personnel with officers from the medical

reserve corps and with contract surgeons. The department,

therefore, in time of peace is so near the breaking point that it

has had to call in outside assistance.
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The conflict in Europe has shown that 0.7 of i per cent, of

medical officers is not sufficient for war, and that i per cent,

should be the minimum. Again, the mortality in medical officers

has been almost as high as in the line. France in the first sLx

months of the war lost 1300 medical officers out of 6500, a loss

of 20 per cent, of the staff.

. Proper training for a staff corps is just as important as proper

training for a line organization. An untrained personnel in

the medical corps invites and assures a breakdown in this

branch under the strain of war. Disorganization will result,

followed by the demoralization that always occurs where one

or more branches of an army prove incapable.

The requests for an increase in the medical corps have been

met with the argument that such increase was unnecessary, for

the reason that in our country there are thousands of medical

men who in time oi emergency would tender their services. The

duties of the military surgeon are vastly difTerent from those of

a civil practitioner, and no one in civil life can take the place of

a trained medical officer unless he has had that training. The

purely professional work can be handled by civilian practitioners,

but they cannot fill the supervisory positions which in war, even

more than in peace, imperatively demand a thorough familiarity

with the process of military administration. Unless medical

officers sufficient in number for these positions in time of war

are provided and trained in time of peace, when war comes men
untrained in military administration must be called upon to

fill these places, at once putting the medical department upon

a volunteer basis at the very beginning of hostilities, with the

assurance of the same demoralizing results that have always

followed that procedure.

The available supply of medical men in the United States

is decreasing, not only relatively to the population but also in

absolute numbers. In the last eleven years the number of medical

students has decreased 47 per cent., which, with the relative

increase in population, means that today we have one graduate

in medicine to 28,000 people, while in 1904 we had one graduate in

medicine to 14,000. The position the United States is in regard-

ing available medical men is rapidly approaching the condition
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that England is now in: not enough practitioners for the

civil population and the army. England was compelled to call

upon Canada, Australia, and New Zealand for large numbers of

medical men, and when this failed to fill up the necessary com-

plement, they turned to us for assistance.

To produce an efficient medical department in time of war,

trained officers must be provided in time of peace, in numbers

sufficient to form a nucleus for expansion to meet the needs of

war. Such expansion cannot be accomplished with trained

officers sufficient only for the ordinary duty in time of peace.

Failure to acknowledge this principle is bound to bring reproach

upon the country, by again producing the conditions that dis-

graced the first two years of the Civil War, and also the Spanish

War. The Spanish War, although a short war, was an example

of too few trained men to properly meet the demands of war.

The army then was expanded within a few wxeks to about ten

times its peace strength. The medical department broke down.

Civil practitioners volunteered by the thousands, but were

unable to do the work of the trained military surgeon.

These are the statistics of the shortest and in many ways the

most successful war we have ever waged. From the time the

Maine was destroyed until peace was declared was about live

months. Our deaths from battle were 293; our deaths from

disease were 3681; of which 2649 occurred in military camps in

the United States, among volunteer troops and recruits who never

saw the firing line. If we take the mortality from disease as

10 per cent, it would represent 37,000 cases of illness to 293

deaths from wounds. There are many things which account for

these figures, but the most potent to my mind is medical volun-

teers, untrained in the art of military medicine, camp sanitation,

hygiene, etc., associated with volunteer troops who have not the

knowledge to care for themselves in the field. Imagine a prepara-

tion so inadequate that it made it ten times more dangerous to

live in camp in the United States than to be on the firing line in

Cuba.

How can we and the medical profession in the country aid

our medical corps ? (i) By joining the Reserve Medical Corps

of the Army or Navy. (2) When your commission is received



LE conte: preparedness 7

do not for one moment imagine that makes you a military sur-

geon, except in name. Study, application, time and money are

needed, and must be spent in correspondence schools, work in

armories with the medical corps of the National Guard, summer

instruction camps, etc. What is needed is fitness to take your

place in an organized department and not individual brilliancy

in your civil specialty. The department will supervise your

training, but you must do the rest. (3) The formation of units

which will be prepared to take charge of a base hospital of five

hundred beds. This must be done in affiliation with the Red

Cross, as the medical department of the Army has not the

authority to make such enrolments. Several of these units

have already been formed, but many more are needed.

A committee has been appointed, composed of members of

some of our national societies, to inventory the names of the

medical men in the country, the hospital supplies, the hospital

facilities, etc. You must aid this committee in every possible

way and urge upon all good men the importance of joining the

Reserve Corps.

The medical personnel in the Navy is 345 officers, with 113

in the Reserve Corps, and the expansion in the Navy will neces-

sarily be Hmited by the number of ships. The Reserve Corps

of the Army has about 1700 officers, and the Surgeon-General

desires at least 20,000, for the Army in time of war will be

expanded ten, twenty, perhaps fifty times its present number.

Success in war is the result of adequate military preparation

followed by effective military operation, and the plans of the

general staff for effective military operation are dependent on

the medical corps keeping the troops healthy, and the speedy

disposition of the sick and wounded. In the Dardanelles cam-

paign the British removed in six months 78,000 sick, and this

sickness was perhaps as important as any other factor in the

abandonment of the campaign. While others talk preparedness,

let the motto of the medical profession be, "We are preparing.

"

And why should we prepare ? Because our country needs this

service. Because we are almost as important to the fighting line

as guns and ammunition. Because our calling makes us ever

ready to treat the sick and injured, and to subordinate self to
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that ideal. Because we are patriotic and true Americans. And

what is true Americanism ? I will answer this in the words of

one of our most gifted writers and loyal patriots (Dr. Henry

Van Dyke, oration delivered on Washington's Birthday, i()o6,

at the University of Pennsylvania):

"True Americanism is this:

"To believe that the inahenable rights of man to life, liberty,

and the pursuit of happiness are given by God.

"To believe that any form of power that tramples on these

rights is unjust.

"To believe that taxation without representation is tyranny,

that government must rest upon the consent of the governed,

and that the people should choose their own rulers.

" To believe that freedom must be safeguarded by law and

order, and that the end of freedom is fairplay for all.

"To believe not in a forced equality of conditions and estates,

but in a true equalization of burdens, privileges and opportunities.

"To believe that the selfish interests of persons, classes, and sec-

tions must be subordinated to the welfare of the commonwealth.

"To believe that union is as much a human necessity as liberty

is a divine gift.

"To believe, not that all people are good, but that the way to

make them better is to trust the whole people.

"To believe that a free State should offer an as;>'lum to the

oppressed, and an example of virtue, sobriety, and fair-dealing

to all nations.

"To believe that for the existence and perpetuity of such a

State a man should be wilHng to give his whole service, in

property, in labor and in life.

"That is Americanism; an ideal embodying itself in a people;

a creed heated white-hot in the furnace of conviction and ham-

mered into shape on the anvil of life; a vision commanding men

to follow it whithersoever it may lead them. And it was the

subordination of the personal self to that ideal, that creed, that

vision, which gave eminence and glory to Washington and the

men who stood with him,"

Such was the glorious birth of our Nation,

Our inheritance its perpetuation.



THE SURGICAL LESSONS OF THE EUROPEAN WAR

By a. M. FAUXTLEROY, M.D.
washington, d. c.

A CRITICAL review of the surgical literature which has come

into being as a result of the European War brings out the fact

that there is a great deal of conflicting testimony on the part

of many of the observers who have had more or less close-range

opportunities to study the surgical conditions of this all but

Pan-European struggle. That this should be the case is not

surprising when one realizes that, after nearly two years of the

war, there have been close on to 30,000,000 men actively engaged

in this great carnage of the nations; and, out of this stupendous

number, there are at present eighty-odd thousand surgeons

whose work and observations extend over a battle front of many
thousands of miles and under many varying conditions. This

number of surgeons represents a fair estimate of the present

commissioned personnel of the medical corps of the belligerents,

but does not take into consideration the large number of surgeons

whose activities have been curtailed by reason of deaths, wounds,

and disease. Nor does it take into consideration a large number

of medical and surgical men who, by reason of age and other

causes, are prevented from participating except in a semi-

official capacity in their home towns or cities.

It is no small wonder then that from this large number of

observers there should arise varying degrees of divergent opinions

with reference to the salient surgical problems which have had

to be met and solved from time to time. Not until peace has

been established and the professional mind has had an opportun-

ity to thoroughly digest all of the statistical evidence will the
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real facts be shown in their true Ught. Until such time we shall

have to content ourselves with correlating the experiences of

these many different observers who are viewing the same general

subject from many different angles of observation. From this

distillation of the recorded data we should be able to forecast

a solution as regards some of the disputed points and visualize

a more or less accurate interpretation of the surgical lessons of

the war.

Certainly, the surgery of war is not the surgery of peace, and

an acceptance of this fundamental idea is necessary at the outset

if we are to arrive at a correct understanding of many of the

questions which confront the military surgeon in his effort to

meet the sudden and oftentimes overwhelming demands occur-

ring as a result of a more or less continuous traumatic epidemic

incident to battle conditions. In striving to understand this

situation the civil surgeon must begin by realizing that the mili-

tary surgeon, in order to fulfil his function successfully, must be

a specialist in surgical adaptability and compromise. The perspec-

tive of the military surgeon is totally different from that of his

civilian confrere in that it is paradoxically both broadened and

narrowed; broadened because of the necessity for making con-

tinual concessions as regards obtaining the ideal in order to

secure the best general results, and, at the same time, narrowed

because of the necessarily restricted application of complicated

surgical procedures to the circumscribed field of general traumatic

emergencies. Although the military surgeon has many other

activities besides the practice of surgery, the limits of this paper

prohibit a discussion of the problems in hygiene, sanitation,

preventive medicine, organization, and administration, all of

which combine to make military practice a highly specialized

branch of the healing art.

In reviewing the surgical literature of the present war it is

quite evident that all medicomilitary observers agree that the

wounds encountered are not only totally different from the surgi-

cal experiences of civil practice, but that infection in some form

is always to be found in the wounds treated in war hospitals.



FAUNTLEROY: surgical lessons of EUROPEAN WAR II

Disregarding the relatively few penetrating or perforating bullet

wounds which do so little tissue damage that they heal spon-

taneously, the outstanding feature of all serious wounds in this

war is the mutilating and devitalizing effect on the tissues due

to large and small irregular pieces of metal, the majority of

which are fragments of the high-explosive shell and hand grenade.

Many of these wounds are of such a mutilating character as to

be compared only to the crushing injuries of railroad practice

in civil life. Invariably, the serious wounds have been found to

contain various foreign particles, such as bits of clothing, metal,

or other foreign material, which undoubtedly accounts in large

measure for the universal infection. A large percentage of

these war wounds have been compound fractures of long bones,

involving usually a considerable loss of substance, so that the

surgical problem not only had to take into consideration the

treatment of wounds infected with a variety of bacterial flora,

but also the development of suitable fixation apparatus in con-

nection with the all-important after-treatment of the case.

As regards the character of the infection encountered in war

wounds, all observers agree substantially that the primary

infection has been due practically to a fecal contamination. In

other words, the infection in the early stages was due to organisms

which normally inhabited the intestines of men and animals,

such as B. aerogenes capsulatus, streptococcus, B. proteus,

B. coli, B. tetani, and a number of spore-bearing putrefactive

anaerobic bacilli, which give rise to the foul odor, and all of

which are to be found in feces. A large number of carefully

executed laboratory examinations, in conjunction with the

clinical evidence, have brought out the fact that the soldier's

clothing is practically always the source of this primary wound

infection. The original source of the infecting organism is unques-

tionably the soil of the particular part of the country in which

the trenches are dug. The soil of Belgium and northern France

has undergone an intensive fertilization for many years and is

saturated with the organisms enumerated above. The prolonged

and intimate contact of the soldier's clothing with the trench
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dust and mud accounts for the conditions which make for univer-

sal wound infection in underground warfare.

The history of all war-wound infections clearly shows that

the character of the infection is largely a matter of the composi-

tion and condition of the soil over which, and in which, the cam-

paign is being conducted. The dry and uncultivated arid veldts

of South Africa, in which there are but few and oftentimes no

pathogenic bacteria, was responsible for the relatively few cases.

of serious wound infection which obtained throughout the Boer

War. Such would be the case in any other locality in which

habitations were few and the general condition of the terrain

unsuitable for bacterial growth; so that the study and knowl-

edge of the bacterial content and character of the soil will be

the military surgeon's future guide as regards what to expect

and what to provide for in any particular campaign.

The course of wound infection in the present war may be

divided into three stages: (i) There is a gross infection with

anaerobic spore-bearing bacilli, producing a foul-smelling, scanty

discharge due to the action of the bacilli on the blood-clot and

serum in the wound. Streptococci are also usually to be found

in the wounds at this time, although they are not apt to be

actively manifest until a later period. (2) The anaerobic bacilli

gradually diminish over a period of about ten days and the dis-

charge becomes more frankly purulent, although the piedominant

infection during this period is usually of an anaerobic character.

(3) There is usually an active infection with pyogenic cocci

dating from two to four days after the reception of the wound.

The best way of combating the infection which has taken

place has been a matter of considerable discussion from time to-

time, and even at this date there is no little dispute as to the

correct method which should be adopted in order to secure the

best results. Quite a large number of surgeons in this war have

been slow to appreciate what has already been stated, namely,

that the surgery of war is not the surgery of peace. In war sur-

gery neither the condition of the patients themselves nor the

character of their wounds is at all comparable with the surgical
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practice of peace, and, in addition to this, the character of the

infection is quite different from that in civdl life. It must be

remembered that the general condition of the patient plays a

paramount part in the subsequent heahng process of any wound.

In the present war the average patient who reaches a field hos-

pital has had his vitahty seriously depleted from a number of

different causes. Disregarding the various degrees of traumatic

shock which accompanies the reception of all wounds, the mili-

tary surgeon finds he has to deal with the moderate and extreme

effects of exposure, starvation, or physical exhaustion, due

usually to the fact that the patient could not be rescued for

some time after being wounded. The resisting power has been

greatly lowered from these causes, and Ihe patient falls a much
easier victim to the ravages of infection than is the case in civil

life. It has sometimes happened that certain wounded men have

not been rescued until five or six days have elapsed on account

of having fallen between the lines. The exigencies of trench

warfare have caused serious and oftentimes fatal delays in con-

ducting the patient to a place where his wounds could be ade-

quately treated. It has often been impracticable to remove the

wounded, except at night, on account of attracting the enemy's

fire, and every hour's transportation delay, which latter may be

due to various causes, means that the ever-present infection is

progressively increasing and becoming more firmly established.

This general condition of affairs is totally different from civil

practice, where a surgeon receives, for example, a crush wound

of the thigh for treatment, which has been promptly brought

in after the accident, and which is handled throughout under

modern aseptic conditions. Immediate and complete attention

can be given in civil hospitals to the most complicated wound,

and the surgeon is not hurried by the knowledge that there are

probably many other seriously injured awaiting his attention.

In direct contrast with this the surgery of war calls for a series

of delays because of the necessarily graded attention to the

wounded. Beginning with the application of a first-aid dressing

in some protected spot immediately behind the trenches; then.
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when opportunity offers, transportation by stretcher bearers

to an advanced dressing station, located from a half to one

mile in the rear, where the bandage is reinforced and supporting

treatment given; on back five or six miles to a field or clearing

hospital where each wound is examined, retagged, drainage

facilitated, antiseptic dressing applied, and some form of tem-

porary, or permanent, fixation splint secured to the part. Not
until a patient reaches a base hospital, usually from three to five

days after being wounded, does he receive as complete surgical

attention as his condition demands. This, in short, represents

the routine war surgical treatment, and this general working plan

has been found by experience to result in less confusion as regards

the details to be carried out, and in less detriment to the general

welfare of the average patient. The whole system is the result

of a compromise, on the one hand, between the ideal treatment of

wounds in a well-equipped civil hospital under normal conditions,

and, on the other hand, the oftentimes overwhelming amount of

work to be performed under the very trying conditions of urgent

war surgery in the field.

With these facts before us, and the testimony of numerous

observers to guide us, we may endeavor to form an opinion as to

the proper surgical procedures to be instituted in the wounds of

war. As regards the principle of thorough drainage there is no

dispute. There have been several variations from the time-

honored method of wide incisions, with drainage tubes into the

depth of the wound to prevent the pocketing of pus. The varia-

tions have taken the form of either a suction apparatus applied

usually to the dependent part of the wound in the hope that,

when combined with continuous irrigation, the septic material

will be rapidly withdrawn; or it has taken the form of wide-open

wound exposure to atmospheric air and sunlight. In any event

the main objects accomplished were the prompt removal of the

products of infection and the creation of aerobic conditions in

the wound, and these factors alone seem to have been the first

and controlling influence in limiting the spread of infection in the

surgery of the present war.
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There are two schools of thought as regards the use of antiseptics

in the wounds, after free drainage has been estabhshed, in order

to inhibit more thoroughly the growth and activity of organisms

which remain in the wound. One school, headed by Sir Almroth

Wright, maintains that the use of antiseptics is not only unscien-

tific but actually harmful in the great majority of cases. This

school teaches that the physiological indications in all infected

wounds call for rendering the lymph incoagulable, repressing

leukocytic emigration and increasing the flow of lymph from the

walls of the wound, thereby mechanically carrying away harmful

organisms and necrotic material. This lymphogogic application

consists in the use of a hypertonic salt solution (5 per cent, com-

mon salt and 0.5 sodium citrate) either as a wet dressing or as a

continuous irrigation. The other, or antiseptic school, of which

Alexis Carrel and Sir Berkeley Moynihan are sponsors, states

emphatically that the antiseptic treatment of wounds not only

has a distinct, important, and continuous role in war surgery,

but that it offers the only hope of aborting an infective process

in the earlier stages of wound infection.

There is a large mass of testimony on both sides. The reports

of those who advocate the hypertonic salt treatment are practi-

cally uniform and are not difficult of interpretation. On the

other hand, the surgical war literature for the past twenty months

has been inundated with reports setting forth the value of this

or that antiseptic treatment. The entire list of all known anti-

septics has been reported upon and, while many of these were

quickly discarded, a number remained in active use and afford

a basis of comparison with the hypertonic salt method. Quite

a number of unbiased investigators have had ample opportunity

to test the claims of each school, and the consensus of their

published opinions indicate that there is a distinct field of use-

fulness for both methods, although the great majority of these

investigations show a decided leaning toward viewing the anti-

septic method as being, in the long run, the more practical of

the two. A number of these reports have a tendency to empha-

size the value of surgical common-sense, in selecting the line of
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treatment to pursue in a particular case, and that the treatment

must be varied according to conditions.

It would seem that the Dakin fluid is the antiseptic of choice

among the great majority of those who, at one time or another,

have had recourse to the antiseptic method of treatment. This

antiseptic fluid, which is a 0.5 per cent, concentration of sodium

h}^pochlorite, is made by dissolving 140 grams of dry carbonate

of soda in 10 liters of sterile water. To this is added 200 grams

of chlorinated lime, and the mixture is shaken well. After a half-

hour the supernatant clear fluid is siphoned off into another

bottle, through a cotton plug or filter paper, and then 40 grams

of boric acid are added to the clear filtrate. This solution is neu-

tral to litmus, is non-irritating, and is the proper strength for

wet dressings and irrigations. The solution should be made

fresh every three or four days and the dry stock ingredients

should be kept in covered receptacles. It is a significant fact that

the Dakin fluid is preferred above all other antiseptics by the

great majority of medical officers who are bearing the heat and

burden of the day at or near the front, while other methods of

treatment receive support on theoretical grounds from those

who are mostly associated with a long-distance view of the war

situation.

There can be no doubt as to the value of the early use of the

Dakin fluid in the large lacerated and infected wounds of the

present war, and from the many published observations, cover-

ing a wide range of usefulness in all character of wounds, it

would seem as if there were hardly a dissenting voice in acclaim-

ing it the ideal antiseptic treatment. Substantial and convincing

data are not wanting to show that, if used within the first ten

hours after the wound has been inflicted, it will often sterilize

the wound in a comparatively short time, depending, of course,

on the size and character of the wound and the general nature of

the infection. After the wound has been thoroughly cleaned of

all foreign material and the sides of the wound made smooth by

trimming away all ragged and necrotic tissue, a number of small

fenestrated rubber tubes are introduced into the depth of the
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wound and the latter lightly packed with sterile gauze. The

number of the small tubes to be introduced will depend upon the

nature of the wound as regards the direction and number of the

diverticula. The object to be attained is that, when the anti-

septic is injected into the tubes, which latter extend beyond the

outer dressings, it will reach all parts of the wound. The equit-

able distribution of the antiseptic throughout the wound is

somewhat facilitated by having the ends of the tubes covered for

several inches with a thick material, such as rough toweling, so

that when the antiseptic is injected it will not spurt into the

wound but will gradually pass through the toweling which covers

the fenestra and the end of the tube. A small quantity of the

antiseptic is injected into the tubes every one or two hours, so

that the gauze in the wound is kept continuously saturated with

the solution, or the tubes may be coupled up with a Murphy

drip apparatus. This method has proven very satisfactory as a

continued treatment on hospital trains when, on account of the

exigencies of the war situation, the wounded have had to be

transferred from field and clearing hospitals toward the more

distant rear. Oftentimes the delay en route has been from three to

five days, and this method of treatment admits of continuing

the use of the antiseptic while traveling with a minimum dis-

turbance of the dressings and wound.

In the base hospitals all dressings are removed every morning,

and the quantity of the antiseptic is reduced as the wound

clears up. A prominent feature of the Dakin fluid, which is

emphasized by many, is its remarkable property of dissolving

or detaching devitalized or necrotic material in the wound.

This, of course, is extremely valuable w^hen an anaerobic infec-

tion predominates, as the anaerobes undoubtedly thrive best

on necrotic material. The hypertonic salt solution has also

proven of great value in detaching sloughs and devitalized

tissue, although its continued use is liable to produce pain and

an exuberant growth of granulations. The use of the h>'pertonic

salt solution causes a great outpouring of lymph, which in itself

is depleting, so that it would be impracticable to apply it to a

Am Surg 2
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large group of cases whose vitality and resistance are already

considerably lowered.

Summing up all the available evidence, it would seem that one

of the prominent surgical lessons of this war is the early, and more

or less continued, use of a potent and practical antiseptic, with

the idea of aborting, if possible, the infective process before it

has gained an ascendency over the adjacent traumatized tissue.

When it is apparent, from the local and constitutional condition

of the patients, that the infection is well under control the hx^per-

tonic salt solution may be used with satisfaction in selective

cases, particularly if there is evidence of continued sloughing

in the wound. Experimental work is still in progress, and there

is hope that further developments will disclose an even m.ore

suitable antiseptic than the Dakin fluid; but until reports along

this line are forthcoming, there is little doubt but that this

antiseptic fluid has given the most decidedly satisfactory results

to both patients and surgeons. jMoynihan has voiced the senti-

ments of a large number of practical surgeons in this war by

saying: "Every hour that elapses increases the extent, the

penetration, and the virulence of the infection. I think, there-

fore, that the first attack made by a surgeon on a wound received

in battle should be by an antiseptic, and the most powerful that

it is proper to use. I do not think that Wright's method is

applicable, in the worst cases at least; for the condition of the

soldiers who have received severe wounds is one of exhaustion,

with lowered blood-pressure, cold extremities, feeble pulse,

and marked pallor. A few of these patients need infusion before

any remedial measures can be attempted, and very many sufifer

from shock in greater or less degree.
''

As regards the first-aid packet carried by each soldier, very

Httle information is to be derived from current war literature in

connection with a determination of its real value in any of its

present forms. The small first-aid packet, with its familiar

contents, was launched many years ago when the low-velocity

bullet wound was by far the commonest war wound. In this

wound there was comparatively very little tissue damage even
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when compact bone was struck. The advent of the high-velocity

sharp-pointed bullet has entirely changed the aspect of these

wounds, particularly since practically all bullet wounds in this

war are inflicted at very close range. The average bullet wound

of this war shows a progressively increasing destruction of tissue

in the path of the projectile, and the secondary missile effect

of splintered bone is oftentimes appalling, resulting usually in

large explosive wounds of exit with considerable loss of sub-

stance. As a consequence, the small pads of gauze in the average

first-aid packet aflford but little protection to the extensive wound.

In addition to this there is no doubt that the majority of present

war wounds are due to fragments of the high-explosive shell

and hand grenade. These wounds are usually large, lacerated,

miiltiple, and exceedingly destructive, so that the small first-

aid packet is of httle or no use.

When a soldier has been struck down in a trench, unless the

wound happens to be in the head, hand, or foot, no idea of the

extent or character of the wound can be ascertained at the time

on account of the clothes which usually cover the wounded

part. It is not only impracticable to remove the clothing at

this time, but it is still more futile to attempt the application

of any first-aid dressing until it can be applied directly on and

over the wound or wounds. The soldier lies where he has fallen,

usually in the mud or dirt, until a lull in the engagement per-

mits his comrades to remove him to a place of safety, usually

a hundred yards or more in the rear. A considerable lapse of

time may transpire before the wounded man can be brought to

the spot where an intelligent application of the first-aid packet

can be made. In the meantime the wound or wounds have

become more or less contaminated by the ever-present infection

in the mud, dirt, or clothing which is caked in the wound by the

blood. Hence it is that the small first-aid packet has been of little

or no value in the primary treatment of the serious wounds of

the present trench warfare. The reason that these packets are

not discarded is probably due to the fact that they take up but

very little space, and doubtless there is a sufficient number of
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small superficial wounds to warrant retaining them in the sol-

dier's outfit. The larger and more pretentious first-aid dressings

are the ones in common use, and are regarded as being the only

ones capable of preventing further contamination of the wound.

When the clothes over the wound have been removed at the

nearest spot where the first-aid dressing can be seriously applied,

iodin poured on the wound and painted on the surrounding skin

has undoubtedly been a valuable adjunct, for the reason that

the wound contains a variable amount of gross infective material,

and it would be folly to seal it up with a first-aid dressing without

some eft'ort at disinfection if it be possible to apply it. This is

the critical time in the history of every wound. If the wounded

man can be promptly removed to an advanced dressing station,

and from there promptly transported to a field or clearing hos-

pital, his chances will be greatly improved. It has too often

happened, however, that many and serious delays have occurred

before a wound has received anything like adequate surgical

treatment, and, as a result, infection has usually been wide-

spread by the time the operating surgeon takes charge of the

wound.

As regards the operative procedures, there have been a large

number of favorable reports on the total excision of wounds.

This practice, of course, can only be carried out thoroughly in

comparatively small wounds and in certain parts of the body.

The same idea applied to the large lacerated and contused wounds

means as complete removal of the walls of the wound as is

practicable from an anatomical point of view. There can be

no doubt that the large and small irregular pieces of metal

which plow their way through the tissues at a high velocity

cause a considerable amount of tissue devitalization in the path

of the projectile, and hence the principle of total excision of the

wound is surgically sound and eminently satisfactory, for the

reason that it removes the devitalized walls of the wound, which

would sooner or later slough and prolong the infective process.

Once the walls of the wound have been made as smooth as

practicable by the removal of all overhanging edges and the
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torn pieces of fascia and muscle, not only is drainage complete,

but the wound itself is left in the best possible condition to com-

bat the presence of infection. There is also considerable favor-

able comment in many reports as to the value of keeping septic

cases in the open air and sunlight. In many instances it has

seemed to have been the deciding factor in increasing the general

resistance to the point where the septic condition could be effec-

tually controlled. Even in cold weather the removal of patients

to verandas and porches has been attended by the most satis-

factory results.

As regards pe.netrating or perforating wounds of the head or

abdomen, they represent, along with hemorrhage in any part of

the body, the class of cases which call for the urgent field surgery.

In the brain injuries a large percentage are moribund on admission

to a field hospital and die within a few hours. All tangential and

other fractures are operated upon as expeditiously as possible by

trephining and the elevation of fragments. If possible the pa-

tients are kept for a number of days before transportation to the

rear for obvious reasons. There are no complete statistics

available, but, on the whole, the results are encouraging in

recent cases, although the mortality is still high as compared

to head injuries treated in civil hospitals. The use of the probe

is strongly deprecated by many, and the projectile, unless readily

accessible, has been left for removal later after the wound has

healed.

In the penetrating and perforating injuries of the abdomen the

field surgical experiences of the South African War seemed to

prove conclusively that opium, starvation, and rest in the Fowler

position yielded better results than treatment by operation.

It would seem, from reports, that the contrary is the case in

the present war. Where it has been possible for the patient to

receive prompt attention the results from operative treatment

have been most encouraging in improving the statistics as com-

pared with the expectant hne of treatment. Every effort is

made to secure these cases for operation promptly, otherwise

surgical judgment must be exercised as to the class of cases in
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which to operate. As Mayo Robson says: "A clean bullet

wound through the abdomen, with small wounds of entry and

exit, and without evidences of internal hemorrhage or extravasa-

tion, may, if favorably situated, be treated expectantly; whereas

a bullet wound with large openings of entry and exit, or with

signs of internal hemorrhage or extravasation, and with the

absence of liver dulness, should be operated on as soon as possible

if seen early and the general condition is favorable. As nearly

all shrapnel, shell, and bomb wounds are septic and produce

great visceral injury, operation will give a better chance of suc-

cess than expectant treatment if the patient is in a lit condition

to bear it and the case is seen early. If the case is seen late and

peritonitis has already set in, a small incision above the pubes,

large enough for the insertion of a drainage tube down to the

bottom of the pelvis, and the Fowler position, will give the patient

a chance for recovery.

"

In a recent personal communication, dated April 7, 1916,

from Dr. Joseph A. Blake, who is surgeon-in-chief of a large

surgical base hospital in France, the following statement is

made: ''I have seen remarkably good work in the first-line

dressing stations in the English army situated even in front of

the big guns. In one ward of twenty beds established in a

laundry I saw eight cases of intestinal resection for multiple

wounds of the intestines getting well, and I firmly believe in an

early intervention." As regards cerebral injuries. Dr. Blake

further states as follows: ''One thing I should lay special stress

upon is the wearing of the metal helmet. Judging from the

wounded coming from Verdun now, there is a much larger per-

centage of head wounds. Nearly all of these men attributed their

escape from death to the fact that they w^ere wearing the helmet;

and a very large proportion of these wounds simply in\oh'e the

cranium, and the dura is not lacerated."

Another important lesson of the present war. as indicated in

a number of reports, is the firm conviction in the minds of all

competent observers that the organization for field work must

be so perfected that the wounded shall receive complete surgical

attention within the shortest possible time. As Carrel has
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rightly said: "The future of the wounded depends upon the

rapidity of transportation and the possibihty of treating the

wounded as soon as possible." This lesson is finding expres-

sion in the establishment of small but well-equipped base hos-

pitals in carefully selected protected spots within a compara-

tively short distance of the trenches, usually from three to six

hours' ride by motor ambulance; and it has been demonstrated

that these easily accessible surgical centres have materially

improved the statistics of general field surgery. The develop-

ment of the automobile combination field and base hospital,

which contemplates giving complete surgical attention within

two or three miles of the front, is a step in the right direction

to obviate unnecessary delays in transportation, on the principle

that if the mountain cannot come to Mohammed then Moham-
med must go to the mountain. The automobile has played a

most conspicuous part in the present war, and in no other branch

of the service has its usefulness been displayed to better advan-

tage than in the medical department where prompt transporta-

tion of the wounded is of paramount importance.

Probably the most obvious surgical lesson of the war is the

prophylactic use of antitetanic serum, subcutaneously adminis-

tered, as soon as practicable after the soldier has been wounded.

If possible it is given at a field-dressing station, and this fact

recorded on the wound tag with which every patient is provided.

At a field hospital the wound tag is carefully examined to ascer-

tain whether or not the antitoxin has been given, and if there ij

any doubt a dose is immediately administered. In the early

months of the war, tetanus was a rather common sequel in the

seriously wounded cases. Since the routine use of the antitoxin

for a year and a half there have been practically no cases of

tetanus treated in France or England. In contrast to the success

attending the prophylactic use of this antitoxin there have been

numerous reports recording the failure of other sera or vaccines

as a means of combating certain other wound infections. The
one exception to this are several reports which give very encour-

aging results following the early administration of antistrepto-

coccic serum in some of the badly infected cases. It would seem
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that the prophylactic use of these measures has a much more

potent effect than any curative properties they may possess.

Sir Watson Chejme has suggested that bacteriologists have a

great opportunity at the present time, and that they may be

profitably employed in raising the immunity of new recruits in

training camps against all the ordinary bacteria which occur in

wounds received in war time.

The recognition of the great value of a surgical dental depart-

ment in every base hospital is certainly one of the prominent

lessons of the war. In conjunction with the regular surgical

services the dental surgeon has proved himself indispensable

as regards the treatment of all wounds involving the upper or

lower jaw. Time does not permit of entering into a discussion

of the various plastic principles which govern the combined

surgical and dental treatment of these very distressing wounds.

Accurate descriptions of the various steps in the technic have

appeared in print from time to time, and these reports would

seem to indicate that every case, however badly mutilated, can-

not only be greatly benefited, but, in many instances, a prac-

tically perfect result can be obtained.

There is yet another valuable department which is being added

to every base hospital, and which is now regarded by many as

one of the essential features in the organization for treating the

seriously wounded. This department has to do with the making

of all splints and special apparatus in connection with fractures

of all kinds. While various well-known methods and splints

have been used successfully in the treatment of many cases,

yet many of the complicated compound fractures have had to

be treated by the use of apparatus specially devised to suit the

needs of the individual case. All of these cases, on account of

the infection which is invariably present, have to be dressed

at intervals, and any apparatus which is used has to take into

consideration the all-important after-treatment feature of the

case. The surgeon who has charge of the case indicates to the

head of the special apparatus department the general character

of the splint he desires to use on any particular case. This may
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be done before operation, or even at the time of operation, when

certain measurements can be made and the splint deUvered in

a remarkably short space of time if the department is well organ-

ized and equipped for this special work.

On account of the fact that the surgeons in the held rarely have

an opportunity of seeing the end-results following any particular

treatment they may have started, and whether or not their work

is successful, Sir Almroth Wright has suggested the formation of

boards of medical officers who would meet from time to time

at various points along the line and not only correlate the expe-

riences of the field and base hospital surgeons, as regards the

surgical lessons of the war, but who would be able to promulgate

much useful information as to the most efficient manner and

means of treatment. It is true that the advantages or disadvan-

tages of certain methods filter slowly, and in the course of time

become more or less common knowledge, but it is also true that

during this period of slow dissemination of knowledge the

wounded are the ones who suffer, and the country is not getting

the best results from its medical department because of a lack of

system in passing along profitable information. As it stands

today, many of the valuable lessons will not be recognized as

such until after the war is over and the opportunities for prac-

tical application long passed.

I cannot close this paper without giving expression to the fact

that anyone who has had an opportunity of observing this war

at close range is imbued with the reality that the general after-

eft'ects will be the most mutilating and devastating that the

world has ever known. When this crimson chapter in European

history is closed, and those of the present generation who are

left strive to orient themselves amid the vast display of econom-

ical and material ruin, they will be confronted on every hand by

the presence of the lame, the halt, and the blind, whose pathetic

existence will but continuously echo the world's disgust for war.

Despair and misery will be their heritage for many years to come,

and so far-reaching will be the pitiable consequences of this

titanic effort to destroy the tablets of civilization, that progress

will wear the ghastly scar for ages.
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There have been great differences of opinion expressed by

military surgeons concerning the advisabihty of extracting

or leaving projectiles or shell fragments either before or after

they are healed in the tissues. On the theory that these foreign

bodies are a source of danger to the host from the possibility

of infection, one group maintains that they should always be

removed, while another holds that extractions should be per-

formed only in the face of very definite indications. From the

general principles of surgery it appears far more rational to sup-

port the latter view, and, accordingly, we may formulate the

definite indications for extraction as follows:

1. Instances where the projectile or fragment forms a focus

of suppuration which will probably continue until either the

fragment is removed or until it is discharged spontaneously

from a fistula.

2. Instances where the foreign body is causing pain. This

may be situated either in th€ muscles, near bones or nerves, in

tendons or even superficially. Not infrequently the pain may

be due to the cicatrix surrounding the fragment rather than to

the fragment itself.

3. Instances where the wounds of entrance or exit have

healed, leaving the projectile in the tissues surrounded by a small

abscess or focus of infection encapsulated from the surrounding

tissues.
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4. Any interference with the function of the tissues or organs

forms a rational indication for a removal of the offending foreign

body.

5. Instances where the presence of the foreign body may

influence the mental condition of a patient to a degree which

justifies its removal.

6. Another group of cases which are of great importance in

military surgery belong to the malingering tj-pe. that is to say,

wounded who claim that small shell fragments or projectiles

are painful in order to avoid the responsibility of further military

service. In cases of this group, it is often difhcult or impossible

for the surgeon to determine the truthfulness or falsity of the

patient's statement. I have repeatedly seen cases where I was

convinced that the pain would cease on the day of the declaration

of peace. Such instances, however, require extraction in order

to restore the wounded man to active service.

7. Cases where a lead projectile may give rise to lead poisoning.

There have been, apparently, a few well-authenticated cases of

this type.

8. When cases are brought in fresh from the front and opera-

tions are performed for infections, better drainage, removal of

loose bone fragments in compound fractures, etc., the projectiles

should be removed if possible.

In contradistinction to these definite indications for operation,

there are certain contra-indications which we perhaps too often

forget in the rush or enthusiasm of a military hospital. These

may be briefly summarized as follows:

1. No operation should be performed which does more injury

to the tissues than the presence of the foreign body.

2. The operations should not be performed in clean cases where

there is not a reasonable expectation of aseptic healing or a great

probability of finding the projectile.

With definite indications and contra-indications for operative

work of this character before us, it may be well to consider for

a moment the current methods of localization with particular

reference to those that we found useful in Hopital 32 bis Chateau

de Passy (Foundation Fitzgerald)

.
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Radiogr.\phy as a Localizing Method. The use of x-ray

plates may be dismissed with a word, for anyone who has had

experience with this method realizes that ordinary radiographs,

even when taken in two or more directions yield, from the topo-

graphical and localizing stand-point, insufhcient data upon

which to base a well-planned operation. The percentage of

failures in removing the projectiles by their use is very high.

A number of cases were sent to us which had been operated on

two, three, or four times unsuccessfully where plates had been

the sole localizing aid of the operator. On the other hand,

plates are of great value as an aid in determining the presence

of small shell fragments which might be overlooked with the

fluoroscope.

I have had no personal experience with any methods like the

Mackenzie-Davidson, where the depth of the foreign body is

determined from known points on the skin by calculating the

distance from shadows of the projectile made by double expo-

sures on the same plate. I have been told, however, by those

who have employed this technic, that it is diflicult to do the

extractions with the data furnished, owing to the possibility

of large errors of computation due in part to the elasticity of

the skin.

OPEILA.TIOXS Directly untder the Fluoroscopic Screen.

We performed some operations with this method of localization,

but abandoned it promptly, owing to the fact that it is open to

two serious objections; namely, the difficulty of maintaining

asepsis in the dark which, however, is not an insuperable obstacle,

inasmuch as a surgical technic can be devised which will practi-

cally eliminate the danger of infection. The second drawback,

however, is one based on the fundamental principle that the

screen reveals clearly the foreign body that is to be removed and

only vaguely the tissues which have to be conserved. It likewise

does not differentiate in the soft parts between structures of

importance and those which are negligible. By this method

accurate surgery is impossible; the tissues have to be more or

less torn and lacerated, so that injuries of the nerves, blood-
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vessels, and other structures may easily occur, owing to their

relative invisibihty. This, of course, is not the case in open

operations in a good light where the structures are divided under

the eye of the operator. Furthermore, screen operations cannot

be practised in regions of the body where there are structures

of great importance, like the neck, chest, or abdomen. The

method is limited at best to operations on the extremities and to

parts hke the forearm or leg where tissues are readily separated

in a longitudinal direction. It is quite obvious, then, that this

localizing technic cannot survive in view of other more practical

and accurate systems which have been developed during this

war, even when the latest improvements in the method are

employed, where the operations are performed under a red light

and the fluoroscopic screen is used intermittently to control the

search for the foreign body. It is evident that the difficulties

of operating in the fluoroscopic room and the obstacle of provid-

ing adequate illumination for major procedures are really insur-

mountable for the ordinary' military hospital.

The Ring Compass. This well-known method provides for

the operator localizing data in the form of marks on the skin

at the level of the foreign body representing the ends of two

or more imaginary diagonals that pass through the projectile.

These diagonals, as they are usually taken, run at right angles

to each other. To obtain these marks compasses shaped some-

thing like a pelvimeter are employed, which have on their ends

small rings about 15 mm. in diameter (Fig. i). The patient

is placed under the fluoroscope and the projectile centred by

diaphragm to eliminate the oblique rays when the compasses are

applied, so that the foreign body Hes exactly in the centre of

the two rings, one of which is on either side of the part of the

body in which the foreign body lies. By means of a skin pencil

or a special marker, signs are made in the middle of the rings

which are held carefully in position during the removal of the

fluoroscope. The part containing the projectile is then moved
through an angle of 90 degrees and the process repeated. In this

way, four points are obtained on the skin which represent the
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ends of intersecting lines passing through the projectile. These

serve the operator as his localizing guides, but the exact depth

of the foreign body is still a mere matter of approximate con-

jecture.

Fig. I.—Diagram showing the use of the fluoroscope and the ring compass

to obtain the diagonals passing through the projectile and the stamps to mark
them on the skin.

The Irvin Profondometer. During our work in improving

the methods of localization, my assistant, Dr. John Irvin,

suggested the use of a very simple and effective profondometer

which we find on searching the literature is based on a principle

that has been previously used for determining the position of

foreign bodies in the cranium. The old method consisted in

localizing by means of a compass and then placing a band of
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supple metal around the head and transferring the marks

obtained by the compass to the band. This was slipped off the

head and placed upon a piece of paper, where a tracing was

made of its outline together with the position of the compass

points. The intersection of the lines connecting the correspond-

ing points gave the position of the foreign body. As will be seen

readily, this method was not applicable to any other part of the

body than the head, from which the band of metal could be

removed without distorting its form. A similar improved

profondometer was employed by Warluzel and Jolant and later

modified by Tufifier, who used the flexible band of metal with the

addition of a hinge to prevent distortion as it is removed from

the body. The metallic band in Tuffier's profondometer is

pierced by holes which are employed to determine the points

of emergence and exit of the rays passing through the projectile.

These are marked and, after the profondometer is removed, wires

or small rods are placed in these particular holes, giving at their

point of intersection the position of the projectile.

The profondometer consists of a band of malleable metal, such

as lead or aluminum, with a hinge in the middle. This permits

the localizer to be placed in any part of the body, moulded

carefully, and to be removed without distortion. They are

made in various sizes, so that they may adapt themselves to a

finger as well as a chest, pelvis, or abdomen; the proportion of

the width to the length from one end to the hinge being roughly

I to 15. They cost but a few cents and can be made by

anyone with a little mechanical ability. The idea involved in

this method of localization is to obtain on paper a life-size

cross-section of the part of the body at the level of the projectile

into which the important anatomical structures can be sketched

and which has the position of the foreign body indicated accu-

rately with reference to the skin surface. From these graphic

tracings the operation can be planned and the incision selected.

Such a tracing also serves as a control for measurements during

the operation.

In making the localization, the patient is placed under the
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screen and the compass method employed in the ordinary way.

We have multipHed the number of observations, usually taking

four and sometimes six or eight, in order to increase its accuracy.

In making the marks on the skin in the compass rings, an ordinary

rubber stamp pad is used with small stamps whittled out of

wood to give distinguishing characteristic marks like dots,

crosses, diamonds, squares, etc., which are not easily confused

after the compass localization is complete (Fig. i). Small

rubber stamps with numbers or letters may also be employed

as the indicators. In any case, the stamps, either rubber or

wooden, should be short in order to facilitate placing the marks

in the ring situated at the dependent part of the body just

above the .v-ray table. It is, of course, obvious that the two

marks made at each compass observation should correspond.

In case of doubt from the blurring of the marks, the blurred

observation is discarded and only the diagonals that can be

identified with certainty are placed upon the chart. The

patient is placed parallel to the surface of table and elevated by

blocks, when lying down, some two or three inches above it, to

facihtate the application of the compasses and the marks on the

lower side. In cases that are ambulatory, localizations of the

chest and abdomen can be made most conveniently in the erect

posture.

After the skin marks are obtained, the function of the pro-

fondometer is to give a contour line of the skin at the level of the

foreign body, making it possible to convert the imaginary

diagonals represented by the compass marks into real diagonals,

thus localizing accurately the foreign body in the horizontal cross-

section with reference to the skin surface. This is done by

placing a profondometer of suitable size (Fig. 2) with the hinge

at the midline behind at the level of the part where the skin marks

are found, as these always lie in a horizontal plane. This is

very carefully molded to the contour of the body and a mark is

made at the point where the branches of the instrument overlap.

The marks on the skin are then accurately transferred to the

profondometer and the latter is carefully removed and placed
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upon a sheet of paper. The outhne representing the skin

contour is then traced together with the position of the skin

marks. The profondometer is thereupon removed from the

paper and the corresponding points obtained by the compass

are converted into real diagonals by a ruler, so that we have the

exact position of the projectile indicated at the point where the

lines intersect. Finally, the important anatomical structures

can be sketched into the cross-section, a procedure which is

Fig. 2.—Diagram showing how the profondometer is employed to make
the cross-section charts and its use in indicating the exact position of the

incision.

greatly facilitated by the aid of a good cross-section anatomy

Hke that of Eyclesheimer and Shoemaker, for example. It is

now possible with this data to plan the operation and select

the incision with reference to surgical and anatomical considera-

tions, which is then marked on the tracing. By means of the

profondometer, the position of the incision can be transferred

to the skin surface of the body by first marking it from the trac-

ing on the instrument and then replacing the latter on the body
Am Surg 3
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in its original position and making a corresponding mark on the

skin. The tracing may then be used to obtain measurements

from the incision to the projectile. The various stages of the

application of the profondometer and the method of obtaining

the tracing are shown in Fig. 2. It is important to remember

in obtaining cross-sections of large regions of the body, like the

chest or abdomen, where there may be some distortion of the

profondometer from the spring in the metal which might lead

to a slight error that it is well to control the anteroposterior

and lateral diameters of the section under examination. This is

done most easily by checking up these dimensions as the pro-

fondometer is placed on the paper. The measurements are

most readily taken by the compasses which can be fixed by an

arc and set-screw, shown in Fig. i, which I have added to the

original instrument for this purpose.

There are several parts of the body where the localization has

to be modified. The way I have met these problems will be

discussed with the cases in which they occurred.

The Sutton Localizer. This is an excellent method which

is very easily employed and has relatively few limitations for

localizations in the extremities. It cannot, however, be used

for projectiles in the neck, chest, or abdomen. The method

as originally devised by Sutton consists in the introduction of a

special cannula or trochar under the skin by the aid of the fiuoro-

scope. The cannula is employed to leave a fine piano wire with

a crochet end lying adjacent to the foreign body to serve as an

operative guide.

At our hospital the following technic is employed: The

general position of the projectile is determined by means of

radioscopy or radiography and the profondometer to give the

line of incision. The field of operation is disinfected with

iodine and covered with sterile towels. The operator in sterile

rubber gloves injects the skin and path of the cannula with

novocain. The skin is perforated with the pointed trocar which

is immedately replaced by the blunt obturator. At this point

the hands of the operator are covered with a sterile towel and the
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fluoroscope employed to p-ass the cannula under direct vision

down onto the projectile which is touched and moved by it.

Should vessels or nerves of any size be encountered, they are

pushed aside and not perforated by the blunt end of the obturator.

As soon as the projectile or shell fragment is touched, the light

is turned on, the sterile towels removed, and the obturator

Fig. 3.—Diagram showing the Sutton cannula and trocar and the harpoon,

as well as the way in which they are used.

withdrawn from the trocar and replaced by a very fine steel

wire with a crochet end, so that on the withdrawal of the trocar

this fine wire is left anchored in the tissues at the exact point

of the fragment. The patient is then transported to the operat-

ing-room and the operation performed with this fine wire serving

as a guide. This last stage of the method, however, in our experi-



36 FLINT : EXTR.\CTIOX OF SHELL FR.\GMEXTS

ence is open to certain objections, the principal one being the

fact that the wire is too fine to be felt easily and is too small to

be seen with any degree of distinctness, especially when the field

of operation is stained with blood. I have accordingly modified

the method by substituting for the fine wire an obturator, which

just fits the trocar, armed with a small harpoon (Fig. 3) at the

end. This opens after it leaves the trocar and has the double

advantage of not only giving a firmer fixation in the tissues, but

also is thick enough to be felt and seen easily during the opera-

tion. This consists simph- of a thorough infiltration with novo-

cain, after which the skin is incised and the harpoon followed

down to the foreign body. The method of inserting the Sutton

localizer together with the harpoon is shown in Fig. 3. For

most extractions in the extremities this method is very useful,

although we have never employed it alone but always in com-

bination with the profondometer, which gives the operator exact

data concerning the position of the projectile and allows him to

insert the harpoon at Ihe point of the best incision selected

from anatomical considerations. It cannot be employed in the

chest or abdomen or in the neck for fear of injuring important

structures.

The \^ibrating Magnet of Bergonie. Another popular

locahzing method in France at present is that of *he vibrating

magnet of Bergonie (Fig. 4). The principle on which this

magnet operates is well known; it uses an alternating current

which is interrupted several hundred times a minute and causes

magnetizable projectiles to dance in the tissues. While the

method is excellent for shell fragments or for the chemise of

German balls, it does not exert any influence upon copper or lead,

or other substances which are not magnetizable. This makes it

useless in searching for shrapnel balls, for the lead core of balls

which have lost their jackets, or for the copper French balls.

It furthermore is also useless even for magnetizable balls or shell

fragments situated in bone or covered by dense fibrous tissues

which do not transmit the vibrations or do not allow frag-

ments to move.
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In its accuracy it does not compare with the use of the pro-

fondometer as a means of localization, but it is particularly help-

ful in cases fresh from the front, which have either fractures

or infections that sometimes render the manipulations necessary

in the profondometer method too painful for the patient to

bear and where operations are often necessary to remove bone

Fig. 4.—The vibrating magnet of Bergonie.

fragments or facilitate drainage. The percentage of extractions

is much higher during these operations if the magnet can be

employed.

Unfortunately, it is only possible to use it with the alternating

current. In our hospital where we were supplied with a direct

current, the transformation of the latter by a commutator made
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the resulting alternating current too weak to operate the magnet

successfully.

The consideration of each one of these methods of localization

shows that they all have their drawbacks and that no one is in

itself perfect. In the frequent discussions of the relative superi-

ority of one method over another, we have apparently lost sight

of the fact that the ideal procedure is a combination of several

methods by which the errors of one may be corrected by another.

While one method may be adapted for one part of the body, the

other method may be either useless or dangerous at this point.

The most accurate methods, furthermore, require manipulations

which are not readily borne by those suffering from recent

gunshot wounds. These facts are well illustrated in some of the

succeeding cases.

In general, the procedure of localization in Hopital ^2 bis has

been as follows:

1. Radiography for record and the determination of the

presence or absence of very small fragments.

2. Compass localization.

3. The use of the profondometer for the determination of the

depth of the projectile or fragment from the skin incision as well

as its relation to important anatomical structures.

4. The use of the Sutton localizer with the harpoon guide

in suitable cases.

5. An effort was made to employ the Bergonie magnet in

recent cases, but this frequently failed from the lack of a current

of sufficient strength to operate it effectively. In many instances

the shell fragments or projectiles were found in course of the

routine operations by digital search aided by simple radiographs.

With these combined methods of locahzation, we have been

able to obtain an astonishing accuracy and to remove, according

to the indications laid down above, every shell fragment or pro-

jectile which it seemed desirable to extract, with a minimum of

trauma to the tissues and a maximum of safety to the patient.

In fact, with the methods outhned above, the extractions became

in the majority of cases simple minor operations, only those in
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the chest, abdomen, or neck being at all formidable. At least

80 per cent, of the extractions were done with local anesthesia.

In the following cases, which are arranged first by methods and

then by the regions of the body, the adaptability of the com-

bined methods to locate foreign bodies an^-where is clearly shown.

Case I.—Admitted June 19. 19 15, with the diagnosis of

foreign body in the knee-joint.

Wounded March 10 by shrapnel. Well-healed wound of

entrance on the internal aspect of left thigh 4I cm. above knee-

joint over the internal hamstrings. Xo wound of exit. There

is fluid in knee-joint; floating patella. All motions of the joint

are painful, but are not limited. Xo locking in the joint. The

radiograph shows a shrapnel ball in the external condyle close

to the intercondyloid notch and the joint surface. Localiza-

tion by the compass indicates that the ball is about 2.8 cm.

from the lateral and i cm. from the posterior margin of the

external condyle just adjacent to the intercondyloid notch and

the joint surface. The position of the ball is well shown in the

two tracings of the knee made by the fluoroscope (Figs. 5 and 6).

Operation (August 12). Incision over the lateral aspect of

external condyle anterior to biceps tendon. Approach was

downward and inward toward the points determined by the

compass localization in order to avoid opening the capsule of

the joint. The bone was removed by means of Hudson drills.

The greatest caution had to be exercised in drilling the bony

channel toward the intersecting point of the two imaginary

diagonals indicating the position of the ball, owing to the fact that

it is very easy to deviate from the proper plane from the lack of

any definite indicator except the skin points obtained by the

compass. At the point localized, there was some light-colored

tissue like that of the cartilage of the joint. To avoid the

possibility of opening the joint this was pricked with a needle

and some clear, straw-colored fluid escaped, but nothing was

felt suggesting the ball. The needle penetrated for a distance

of I cm. and appeared to be entering the joint cavity. This

process was repeated several times with exactly the same result.
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The opening of the bone was enlarged somewhat without finding

the foreign body, so that finally an incision was made in this

soft tissue where the spherical ball was found perfectly movable

in its encapsulating wall. Each time the needle was passed it

would slip off of the shrapnel ball and pass down beside it. as is

shown in the diagram (Fig. 7). The bone surrounding the ball

w'as removed to some distance and the latter extracted. The

wound was closed without drainage; the dead space being

allowed to fill with blood-clot.

Fig. 5.—X-ray tracing of Case I

(anteroposterior view).

Fig. 6.—X-ray tracing of Case I

(lateral view).

This case is particularly interesting because of the marked

mobility of the shrapnel ball after having been encapsulated

within the bony condyle. The appearance of the cyst wall,

the fluid which followed the needle puncture, and the penetra-

tion of the needle without resistance made it appear at first

sight that the localization had been inaccurate, and that the

periarticular tissues were exposed. The ball traversed the

popliteal space without injuring either nerves or vessels.



flint: EXTR.A.CTIOX OF SHELL FRAGMENTS 41

September i. Wound healed per primam. ]Mobilization

started with an adjustable inclined plane; flexion to a right

angle obtained.

September 30. Patient started on mechanotherapy. Joint

still somewhat stiff. \'oluntary movements to an angle of 90

degrees possible.

October i. Patient walks with a slight limp and has still

slight pain on extreme flexion.

November 20. Recovery is practically complete. Still some

stiffness from long disuse.

Fig. 7.- -Diagram showing the encapsulation and mobility of a shrapnel ball

in the femur (Case I).

Case II.—Admitted May 14. Wounded by shell explosion.

Laceration of ring finger of the right hand with fracture of the

proximal phalanx, also penetrating wound on the dorsal aspect

of the forearm over the middle of the ulna. Wet dressings

rubber tissue drains. The a:-ray examination shows a fracture

of first phalanx of the ring finger with foreign body on the flexor

aspect. Incomplete fracture of the ulna with two shell frag-

ments of considerable size nearby.

Operation (May 16). Wound over the forearm enlarged;

moderate amount of pus found near the bone; one shell frag-
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ment removed, the other could not be found. Small eclat

extracted from the outer aspect of the ring finger.

July 17. The wound on the finger has healed and the fracture

united in good position. There is still some suppuration from

the incision from the first operation in the forearm. After com-

pass localization the second fragment was found lying just in

front of the interosseous membrane near the ulna. With the

assistance of the marks obtained by the compass localization the

second fragment was found with considerable difficulty lying

immediately behind the median nerve about the middle of the

forearm near the focus of osteomyelitis in the ulna. There is

often difficulty in following the imaginary diagonals when one

passes into the depths of the tissue. Owing to the retraction of

the wound edges the maintenance of the plane of incision in

exact alignment with the marks upon the skin is not easy. The

sinus on the dorsal aspect of the forearm leading to the ulna was

enlarged and a small sequestrum removed.

September 3. Suppuration continues from the dorsal incision;

that on the palmar aspect has healed.

October 3. Both wounds have healed.

Comment.—These two cases show that the compass method of

localization, while possessing a distinct advantage over the use of

radiographs alone, still gives the operator considerable difficulty

in finding projectiles or shell fragments which ma}' be small or

deeply placed, owing to the fact that a slight deviation from the

lines of the localization may necessitate considerable operative

traumatism before the foreign body can be finally located.

On this account the next series of extractions were attempted

directly under the fluoroscope.

Case III.—Admitted August 10 irom the depot at Sens.

Wounded June 21, 19 15. by shell explosion. The penetrating

wound of the left forearm healed after considerable suppuration

in six weeks. There is considerable pain on flexing the wrist

and fingers. He has had two operations; at the first a small

shell fragment was removed, and at the second the projectile was

not found.
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Surgical Condition. There is a small scar over the dorsal

surface of the ulna at the junction of the lower and middle

thirds over on the palmar surface of the forearm. Just above this

level are two small scars of the previous operations which are

painful. Flexion and extension of the wrist cause great pain.

There is no disturbance of sensation. Shell fragments or

projectiles in the flexor are much more painful than those in

the extensor region: probably due to the greater motion and

greater power of the flexor group of muscles and tendons. This

condition is quite frequent in wounds of the forearm.

Operation (August 23). Under the fluoroscope. No fragment

could be seen in the neighborhood of the scars. One was found

about 4 cm. from the incision which could be moved by pressure

and was embedded apparently in the flexor sublimis digitorum

muscle, the motions of which it followed. The field of operation

was prepared and an incision about 3 cm. long made in the skin

and subcutaneous tissue. The field of operation was covered

with a sterile sheet and the fluoroscope used. Under the direct

vision of the fluoroscope the muscle fibers were separated in the

longitudinal direction unlil the fragment could be moved by

the grooved director which was used for this purpose. A
Kocher clamp was then employed and the blades opened when

the fragment was touched and the shell fragment withdrawn.

This process, however, is not as simple as it sounds, and a

considerable amount of laceration of the tissues was necessary

in order to arrive at the exact position of the foreign body, owing

to a lack of stereoscopic vision.

Comment. Several operations of this t\-pe were performed, but

owing to the fact which has been discussed above, that this

mode of operating is not rational from a surgical stand-point

inasmuch as the tissues have to be lacerated, it was abandoned

in favor of other methods.

With the experience gained in these and other cases, we

proceeded to develop the profondometer and the harpoon

modification of the Sutton localizer.

The combination of these two methods proved so accurate and
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convenient that almost all of the extractions which were done

subsequently were carried out by these combined methods of

localization. The harpoon naturally cannot be used in the

chest, neck or abdomen for fear of wounding important structures.

The charts obtained by the profondometer give all the data

necessary for the operation; but the harpoon, if it can be

employed, facihtates the rapidity and convenience of the

approach to the projectile.

The control measurements made at the time of operation

indicated that the error in the profondometer method was

rarely more than i or 2 mm., and in the majority of cases was

absolutely accurate.

The use of the Sutton localizer at the point of incision selected

in the cross-section charts obtained by the profondometer gave

a rapid and convenient guide during the period of the operation.

If the Sutton method is used alone it is not always easy to select

the proper incision from a surgical stand-point, owing to the

fact that the exact depth of the fragment is unknown. We
found, therefore, that the best results were obtained where the

two methods were used in combination. The following series

of cases will emphasize this point. The cross-section charts

are reductions from those that were obtained at the time the

localization was made, and are reduced and made somewhat

neater by the artist in copying them. They are arranged in series

from the head to the feet to show the adaptability of the method

to all regions of the body.

Case IV.—Admitted November 3 from the Depot at Sens.

Same patient as Case XVIII.

Wounded July 14 in the Argonne, by shell explosion in the

face and leg. On the left cheek over the canine fossa, just

below the malar bone about midway between the eye and angle

of the mouth, is a healed penetrating wound. Cicatrix is not

tender. There is no pain or disturbance. Localization by the

profondometer shows (Fig. 8) a small shell fragment in the

anterior wall of the left antrum. Inasmuch as there was no

definite indication for operation, this fragment was not removed^
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and is described to show the ease with which the profondometer

can be used in parts of the body with an extremely complex

configuration like that of the head and face.

Fig. 8.—Localization chart of Case IV

Case V.—Admitted November i6 from the Depot at Sens.

Wounded July 15 in the Argonne. Healed wound of entrance

just above inner third of left clavicle. An irregularity can be

felt on the right side of the thyroid cartilage. It is slightly

tender. There is slight pain on deglutition. The radiograph

and fluoroscopic examination shows a foreign body at the level

T'/aff
T/iyrfii/ cofii/att

Fig. 9.—Localization chart of Case V.

of the sixth cervical vertebra just to one side of the thyroid

cartilage. This is movable, rises with deglutition, and is tender

on pressure. With the profondometer the projectile is (Fig. 9)
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found to lie near the thyroid cartilage and underneath the ante-

rior border of the sternocleidomastoid muscle.

Operation (November 20). Under local anesthesia. The
projectile proved to be the core of a German ball which had

slipped its jacket, probably a ricochet shot. It passed upward

from the wound of entrance and partly through the anterior

portion of the thyroid cartilage without perforating the larynx.

The thyroid cartilage was somewhat deformed. The scar tissue

dissected off and the wound closed without drainage.

November 27. The stitches were removed. Wound healed

per primam.

Case VI.—Admitted September 29, 1915. Wounded Sep-

tember 27 at Beausejour. Penetrating wound at the back

of the neck to the right side of the midline about 7 cm. below the

occipital protuberance. Patient complains that he cannot

move the fingers or the wrist on the right side, has a definite ptosis

on the right side, and a contracted pupil. The tongue is pro-

truded to the right, indicating a paralysis of the hypoglossal

nerve. The motions of the arm returned a few days after the

injury. There is a residual paralysis of the supra- and infraspina-

tus, which gives the reaction of degeneration. There is no

pulsating tumor over the carotid; no bruit; pressure on this

side of the neck and over the brachial plexus is very painful.

A'-ray (Fig. 10) shows a deformed ball at the level of the sixth

cervical vertebra at the right side. To our astonishment

another ball was found on the left side of the neck just above the

clavicle. This was not deformed. On inquiry, the patient

stated that he was not wounded before, but a careful examination

showed a well-healed small cicatrix near the inner canthus of the

right eye at the side of the nose. The patient then explained

that he was wounded December 30 of the previous year, and that

the ball tra\'ersed the hard palate and passed out of the mouth

without injuring the mandible and came to rest on the left side

of the neck just beneath the skin, where it could be easily felt.

Patient had withheld this information as a joke.

October 11. Localized (Fig. 11) with the profondometer and
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the ball found lying just to the right of the trachea and esophagus

in the position of the carotid artery. The ball underneath the

skin was not localized.

Operation. \'ertical incision along the sternocleidomastoid.

Internal jugular vein and common carotid densely adherent

to surrounding muscles. The ball was found lying in the com-

mon carotid artery, which was thrombosed above and below

it. The point also projected a short distance into the jugular

vein. As the ball was removed there was a sharp hemorrhage

from the artery and vein which were doubly ligated above and

Fig. io.—X-ray tracing of Case VI (antero-

posterior view).

Fig. 1 1.—Localization chart

of Case VL

below the site of the injury. As the projectile was removed it

was found to be the deformed jacket of a German ball which

had slipped its core, probably a ricochet shot or a machine-gun

ball where the heat of the barrel had melted the core. This

gave rise to an arteriovenous aneurism, which was occluded by

the ball itself with the production of a thrombus in the carotid

artery.

The patient did not recover consciousness after the operation,

and gave signs of a right-sided cerebral embolism. Probably

during the manipulations necessary for the placing of the liga-
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tures about the adherent vessels a portion of the thrombus was

dislodged. The patient died two days later without recovering

consciousness.

The ball on the opposite side of the neck was surrounded by

a small abscess. This indicates a condition which is not infre-

quently found where an infected projectile is encapsulated from

the surrounding tissues and forms a persisting focus of suppura-

tion.

Case VII.—Admitted August 20 from the Depot at Sens.

Wounded April 5, at Bois Le Pretre. Penetrating wound of the

right scapula by shell explosion.

Stayed in hospital three months. Wound suppurated and

closed after ten weeks. Since then he has had pains almost

constantly in the region of the shoulder. Has noticed since

the injury that the angle of the right shoulder drops a little. Had
at the time of the injury no pain in the chest and no hemoptysis.

Surgical Conditions. There is a puckered scar, 4 cm. long and

2 cm. wide, just over the spine of the scapula on the right side;

the latter feels rough and was fractured at the time of the injury.

Between this point and the midclavicular region the tissues

are somewhat tender to pressure. Abduction of right shoulder

shghtly limited and somewhat painful. No paralysis of the

muscles of the arm or shoulder. Foreign body not felt.

Physical examination is negative except for impaired resonance

at the right apex, where there is distinct bronchovesicular

breathing both in front and behind, and subcrepitant rales are

heard on both inspiration and expiration. The .v-ray shows a

distinct shadow at the apex. The patient has little or no

sputum. Occasional night-sweats. There is apparently no

connection between this lesion of the apex and the patient's

injury; coincidence purely accidental. The .r-ray shows an

irregular fragment of shell 7 cm. from the end of the clavicle

and situated somewhere behind it. With the profondometer

the fragment w^as determined to be at a depth of 5 cm. from the

skin in front and 6 cm. from the wound of entrance behind.

The fragment thus lav immediatelv behind and adjacent to the
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brachial plexus and the subclavian vessels, with the bony barriers

of the clavicle and the scapula between the points of localization

on the skin and the foreign body, as is shown in the cross-section

chart in Fig. 12. As the only operative approach could be

obtained from the supraclavicular region, it was necessary to

devise a means to obtain a localization from above. This problem

I solved in the following way: A piece of lead like that of which

the profondometer is made was shaped over the shoulder with

the skin points of diagonal number 2 as a guide. These points

were marked on this band of lead. Diagonal number 2 was then

projected at one side of the cross-section chart and the lead

Fig. 12.—Localization chart of Case VII.

band so placed that the marks of diagonal 2 correspond to the

projected lines. Thus a vertical section of the shoulder was

obtained from which measurements could be made to the shell

fragment. Selecting the anterior margin of the trapezius as

the best point for the incision, the shell fragment was found to

be 5 cm. downward and forward from this point. The method

by which this part of the localization was made is shown in Fig.

13 and the result in a vertical plane is indicated at one side of the

cross-section chart in Fig. 12.

Operation (August 25). The harpoon was inserted with the

aid of the Sutton cannula and the shell fragment removed in a few
Am Surg 4
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minutes with novocain anesthesia. It was situated just behind

the axillary artery and brachial plexus.

September 3. Wound healed per primam.

Comment. The interest in this case centres on the fact that

no other method of localization could give the necessary data

for extraction, owing to the position of the shell fragment behind

the bony shoulder girdle. The situation of the shell fragment

with reference to the brachial plexus and the axillary vessels

would have rendered the Sutton locaHzer a dangerous procedure

without the previous use of the profondometer. It was not

,„<:,ji<?rt

Fig. 13.—Diagram to show the use of a metallic band to obtain measure-

ments and a vertical section over the shoulder at right angles co the original

horizontal localization. The result is shown at the left of Fig. 12.

until I hit upon the plan for using an extra band of malleable

metal to obtain the localizing points for the shoulder at right

angles to the horizontal plane of the foreign body that the

position of the shell fragment could be determined with reference

to the possible operative approach.

Case VIII.—This patient was sent from the hospital at

Joiny for localization. He had been wounded in the neighbor-

hood of the left elbow by the explosion of a shell fragment some

months before. Wound of entrance is well healed and under

the fluoroscope the fragment was found to lie just in front of

the external condyle. The position of the shell fragment is
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shown in the group of extensor muscles close to the humerus

where it can be easily extracted without damage to either

nerves or bloodvessels. The cross-section chart, showing the

availabiHty of the profondometer method for fragments in the

upper extremity, is shown in Fig. 14.

Cor,e/y!c

Fig. 14.—Localization chart of Case VIII.

Case IX.—Admitted October 9. Sent by the hospital at

Auxerre for localization and extraction of a ball near the upper

part of the spinal column.

The patient was wounded September 25, by a French ball.

The wound of entrance was situated in the left shoulder just

below the acromion process. There is an incomplete fracture

of the head of the humerus, a comminuted fracture of the scapula,

as well as a fracture of the angles of the first and second ribs.

Pus and gas bubbles can be expressed from the gaping wound

of entrance on the shoulder. The patient is very septic.

There is an incomplete paraplegia, but right leg can be moved

slightly. The left is completely paralyzed. There is a loss

of control of the vesical sphincter and a zone of hyperesthesia

extending over the third, fourth, and fifth interspaces. Below

the fifth interspace there is paresthesia, but not definite anes-

thesia. Diagnoses of fracture of the vertebrae and compression

myelitis were made. The x-ray shows the shadow of a French

ball lying just to the left of the spinous processes of the first and

second dorsal vertebrae. The x-ray also shows the fractured

humerus, ribs, and scapula. The localization of this case was

difficult, owing to the paraplegia, and the result is shown in

Fig. 15, where the ball was found Ipng just adjacent to the

laminae of the second dorsal vertebra embedded in the erector

spinae muscles.
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operation (October 9). Local anesthesia. An incision 20

cm. long was made with its centre between the first and second

dorsal vertebras. The erector spinae muscles were separated

from the spines on the left side and the ball found exactly at the

point of localization. The vertebras were fractured just at the

junction of the laminae and transverse processes. A laminectomy

of the first and second dorsal vertebrae was performed so as to

relieve the pressure. The dura was not opened, owing to the

probability of the ball being infected. Wound closed without

drainage and a culture made immediately from the ball. The

next morning this was found to be positive for both streptococcus

Fig. 15.—Localization chart of Case IX.

and gas bacillus, so that the wound was immediately opened

and freely drained. Patient continued to run a septic tempera-

ture and was in extremely poor condition. On November i

the entire tract of the ball was opened under local anesthesia

and twenty or thirty small fragments of bone removed, which

came from the scapula and the upper end of the humerus.

Shoulder-joint was apparently free. Up to the time I left the

hospital on November 24 the patient still showed signs of sepsis.

Case X.—Admitted May 14. Wounded by shrapnel at

Arras, May 11. Wound of entrance is on the left side of the

mandible about 5 cm. from the s>Tnphysis. The .v-ray shows

a ball behind the left sternoclavicular articulation.
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He had been operated upon unsuccessfully May 14, the incision

being made on the left side of the neck behind the sternocleido-

mastoid. Ball was not found. Patient showed on neurological

examination no nerve lesions, but complained of severe pain

on moving the head and left arm. The arm atrophic from disuse.

Localization with the profondometer (Fig. 16) showed that

the shrapnel ball was lying in the superior mediastinum against

the body of the second dorsal vertebra just to the left of the

esophagus. Pain is probably due to interference with the

movements of the vertebrae during attempts to move the left

arm or the head.

Fig. 16.—Localization chart of Case X.

peciora h'i major

Operation (August 5). Low Kocher incision just above the

sternoclavicular articulation, the sternocleidomastoid pushed to

the left of the incision carried by blunt dissection down to the

carotid vessels. These were retracted to the left, the thyroid

gland and trachea to the right. The inferior thyroid artery was

divided between ligatures which afforded access to the superior

mediastinum and vertebral column. A finger was passed down

and the shrapnel ball could be felt lying against the body of the

second dorsal vertebra. This was readily removed and the wound

closed without drainage. During the operation the pulsations

of the arch of the aorta could be easily felt.
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August 13. Stitches removed. Wound healed per primam.

August 30. Patient started on mechanotherapy. ^Motions

of the arm improving. Pain has disappeared. •

September 20. Patient evacuated. Use of arm practically

normal.

Case XL—Admitted September 11 from the Depot at Sens.

Multiple wounds by grenade explosion a month before. Wound
of the head and right hand, right arm and right thorax at the

level of the eighth rib in the posterior axillary line. The wounds

on the head, arm, and hand were immaterial. Over the eighth

Fig. 17.—Localization chart of Case XI.

rib there was a suppurating wound together with a definite inter-

costal neuralgia along the course of the eighth intercostal nerve.

Under the fiuoroscope a shell fragment was seen on the right side,

which moved on in an expiration with the same amplitude as the

diaphragm. This was thought to be in the lung and. conse-

quently no attempt was made to find it.

Operation (September 15). The sinus was enlarged where a

fractured rib was found with the callus pressing upon the inter-

costal nerve. This was liberated and the wound drained.

October 9. All wounds healed. At this time the localization

was done with the result shown in Fig. 17. The shell fragment,
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instead of being in the lung as we had supposed, was situated in

the latissimus dorsi muscle. This revealed the interesting fact

that this muscle apparently moves on in an expiration with the

same amplitude as the diaphragm. Shell fragment extracted

with local anesthesia.

Case XII.—Admitted August 31, from the Depot at Sens,

with the diagnosis of a ball in the lungs. Wounded March i

at Bois le Pretre, in the left side of the chest, by a ball. Imme-

diately after the injury the patient began to expectorate blood

Fig. 18.

ectei-a/ii major

-Localization chart of Case XIL

in considerable quantities which was accompanied by violent

coughing and great respiratory distress. This condition con-

tinued for about two weeks and gradually cleared up. Has no

cough at present, no pain or dyspnea.

Examination shows a healed scar i cm. in diameter in the left

anterior axillary line at the level of the sixth rib. The physical

examination of the chest is negative except that the percussion

note is somewhat impaired and the breath sounds over the left

lower front axilla and base are somewhat distant. Tactile fremi-

tus over the region slightly diminished.
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Localization. Instead of the ball lying in the lung as we

expected, the chart (Fig. i8) shows that it is lying in the right,

ventricle of the heart immediately behind the sternum, 5.5 cm.

from the skin. Inasmuch as the patient had no symptoms

whatever, an operation for extraction was contra-indicated.

This case shows one of the remarkable instances of the tolera-

tion of the myocardium for a foreign body. The ball had

apparently traversed the lung and come to rest in the muscle of

the right ventricle, where it healed without symptoms. Heart

symptoms, if any existed after the injury, were apparently not

recognized, or were masked by the hemopneumothorax that

probably existed at the time his wound was received. Of this

injury, no signs remained except a thickened pleura.

Case XIII.—Admitted September 11. Wounded at Beause-

jour on August 22, by ball. The patient shows a wound of

entrance over the ninth rib in the right posterior axillary line,

from which there is a slight serous discharge. Lungs clear on

both auscultation and percussion. The abdomen is soft. There

is no general rigidity. There had been no history of hemoptysis,

hematemesis, melena, or peritonitis. There is a point of tender-

ness over the left linea semilunaris about 3 cm. above the

umbilicus. No mass, however, is felt in this region.

Localization is shown in Fig. 19, where the ball is found about

5 cm. below the level of the skin. It will be noticed that the

intersecting lines of the localization vary much more than in

any of the previous cases. This is due to the mobility of the ball

which moves both on respiration and on changes in the posture

of the patient. A study of this chart reveals that the diagonals

do not intersect at one nodal point as is the case in the other

localizations, but a more or less quadrilateral space is formed by

the diagonals. This is due to the mobility of the ball with the

changes in posture of the patient, localizing the projectile inside

of this space, the limits of which mark the extent of its mobility.

Operation (September 30). Left rectus incision. The ball

was found embedded among a group of Ij-mph glands just at

the root of the mesentery of the small intestine (Fig. 20), slightly
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to the left of the aorta. As the cyst wall was opened a small

amount of turbid fluid escaped. The ball was easily extracted.

Fig. 19.—Localization chart of Case XIII.

•^'*^- .l?»si)JR Ow*

Fig. 20.—Sketch showing a German ball encysted at the root of the mesentery,

permitting the mobility found (Fig. 19).

Small cigarette drain placed in the opening in the cyst until a

culture could be made of the ball.
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October i. Culture negative. Cigarette drain removed.

October 9. Wound healed per primam.

Comment. This case is interesting because the ball appar-

ently traversed the liver, passed the great vessels, and came to

rest in the mesentery of the small intestine immediately adjacent

to the aorta without perforating any of the hollow viscera.

Localization in this case was interesting because the move-

ments of the projectile in the abdomen are shown by the inter-

secting lines. In an instance like this, the projectile lies in the

space formed by the limiting diagonals.

It is, of course, obvious that in abdominal wounds the trocar

method of localization could not be employed, owing to both

the impossibility of anesthetizing the abdominal cavity and

the danger of perforating the intestines. The profondometer

is the only method which could provide accurate localizing data

in a case of this description.

Case XIV.—Admitted August 17 from Hospital at Melun.

Wounded in the right buttock, September 16, by shell explosion

at Rheims.

Patient has had three operations in other hospitals, but shell

fragment has not been found. On the right buttock just below

the crest of the ilium there is a wound of entrance with per-

sistent suppuration. Scars of three other operatic .is are seen;

two of these above the crest of the ilium are still suppurating.

When the patient contracts his abdominal muscles, considerable

pus is forced from the wound of entrance on the dorsum of the

ilium. At the lower right quadrant there is distinct tenderness,

and a deep mass is felt. Pressure of this area causes pus to

flow from the sinus. An a"-ray examination shows an osteo-

myelitis of the ilium with an intrapelvic abscess beneath the ilio-

psoas muscle. There are two very small shell fragments in the

intrapelvic abscess and a larger fragment in the gluteal muscles.

The sinus was enlarged and a drain inserted.

October 17. With improved drainage the osteomyelitis has

subsided and the sinuses have closed. Localization (Fig. 21)

shows a large shell fragment in the anterior portion of the
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gluteus medius, which is distinctly painful on pressure. This

is situated 6 cm. below the anterosuperior spine of the ihum and

2.5 cm. from the skin. A harpoon was inserted by the Sutton

GMeos

y^rcrcfoi-ec/ /ft'

Oifeon<ye/ttr'i

Fig. 21.—Localization chart of Case XIV.

cannula and the shell fragment removed with local anesthesia.

No attempt was made to remove the two minute fragments of

shell in the pelvis.

GUcs

Fig. 22.—Localization chart of Case XV.

Case XV.—Admitted August 23 from the Depot at Sens.

Wounded at Souchez, June 21, by ball. Well-healed wound of
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entrance in the right buttock about 5 cm. below and somewhat

to the right of the coccyx. No tenderness of the cicatrix.

Patient complains of pain, while marching, near the hip-joint.

This is local and does not radiate along the sciatic nerve. The

x-ray shows a German ball situated apparently near the head

of the femur in the anteroposterior view. Localization (Fig.

22) shows that the ball is situated in the gluteus maximus

muscle about 5 cm. behind the greater tuberosity of the femur

and 4 cm. from the surface of the skin. Harpoon introduced.

Extraction with local anesthesia.

September 7. Sutures removed. Wound healed per primam.

Case XVI.—Admitted September 29. Wounded, September

27, at Beausejour by shell explosion. The wound of entrance

Fig. 23.—Localization chart of Case XVI.

is in the right pudendal fold. The fragment has apparently

passed downward and forward in the adductor region. Wound
healing without reaction. Sterile dressing.

The x-ray shows a shell fragment in the adductor region at the

level of the lower end of Scarpa's triangle, internal to the femur.

October 15. Wound is entirely healed. Localization (Fig.

23) shows a large fragment arrested by the adductor membrane

immediately behind and internal to the femoral vessels. This

is an extremely frequent position for balls or shell fragments to

come to rest. Apparently the tough intermuscular septum

forms an elastic curtain which is ej^tremely resistant and tends

to stop further progress of the projectile unless the velocity is
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great. We have had at least six or eight similar cases with

wounds of entrance in various parts of the thigh.

To avoid the femoral vessels and the larger perforating

branches, incision was planned through the adductor muscles.

A harpoon was inserted by means of the Sutton cannula and the

fragment removed with local anesthesia.

October 29. Patient completely healed and out of bed.

Case XVII.—^Admitted September 11. Wounded at Beause-

jour, September 8, by shell explosion. Penetrating wound i

cm. in diameter, situated 3 cm. above the upper border of the

patella. Marked effusion into the knee-joint. Patella floats.

Fixation dressing.

I'

Fig. 24.—Localization chart of Case XVII.

November 2. Wound is entirely healed. A'-ray shows two

shell fragments at the same level, one of which has penetrated

the femur, making a small depressed fracture. The localization

(Fig. 24) showed the two shell fragments at the same level, one

4 cm. from the skin, and the other just inside the femoral shaft.

Selecting the diagonal i, the harpoon was placed by means of

the Sutton cannula so that it passed and touched the more

superficial fragment and came to rest upon the deeper fragment.

This diagonal was chosen because it was the only one which

passed through both fragments.

Operation (November 2). Local anesthesia. Incision 12 cm.

long. Deepened to the level of the superficial fragment which

was then extracted. The harpoon was then followed and the

deeper fragment found buried in a crater of bone formed by the
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depressed fracture of the femur. The periosteum was infiltrated

with novocain and the crater chiselled out, so that the fragment

could be removed. Wound closed without drainage.

November lo. Stitches removed. Wound healed per printam.

November 17. Patient walking without difficulty. Effusion

of the knee-joint entirely absorbed.

Comment. This is the first case in which two fragments were

localized at the same level. An inspection of the chart shows

hpw accurately the two nodal points where the diagonals inter-

sect give the localization of the two fragments. The selection

of the incision here was due to the fact that the diagonal i gave

the most convenient approach to facilitate the removal of both

projectiles through the same incision.

Fig. 25.—Localization chart of Case XVIII.

Case XVIII.—The same patient as Case IV. Besides the

wound in the face, the patient had eight small wounds on the

inner and lower aspect of the thigh. A portion of these wounds

were through-and-through. and two were penetrating. The

patient remained in hospital two months. Two wounds healed

after suppurating for about six weeks. Patient now complains

of stifi'ness of the flexor muscles of the leg. The x-ray shows two

shell fragments, one apparently on the inner anterior aspect of

the thigh and the other on the posterior aspect near the skin.

These are at the same level about 12 cm. above the patella.

Localization (Fig. 25) shows that one fragment lies in the vastus

internus muscle about 2 cm. from the skin. A second fragment
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is located about i cm. from the skin, between the hamstring

muscles, and is surrounded by a definite area of induration, like

a small encapsulating abscess. Harpoon inserted for the deeper

fragment in the vastus internus. This was extracted by its aid.

The posterior more superficial fragment was found to be the

nucleus of a small encapsulating abscess. Both wounds drained.

Both fragments infected.

November 20. Wounds granulating nicely. Both practically

healed.

Case XIX.—Admitted September 29. Wounded September

27, in Champagne.

There is a small gutter wound over the external aspect of the

right knee at the level of the patella. Wound is superficial.

Fig. 26.—Localization chart of Case XIX.

Joint is not involved. There is a penetrating wound on the

external aspect of the left thigh 20 cm. above the patella, with

marked swelling about the knee and marked effusion in the

joint. Wound of entrance healed without reaction.

The x-ray shows a German ball lying just above the patella

close to the external condyle, about 9 cm. above the joint surface.

Localization (Fig. 26) shows that the ball lies with its long axis

parallel to the long axis of the femur, situated 2 cm. from the

skin, and lies in the vastus externus muscle close to the supra-

patellar bursa. Ball removed with diagonal 7 as a guide, with-

out the aid of the harpoon. This was omitted owing to the

proximity of the joint.

November 14. Stitches removed. Wound healed per primam.
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Case XX.—^Admitted September 11. Wounded, September

9, at Mensil les Hurlus, by aeroplane bomb.

Multiple wounds of the right leg and foot which are of no

consequence. Simple fracture of the middle of the right humerus.

Lacerated wound over the inner aspect of the left knee, 7 cm. long,

with the granulating necrotic base. Marked swelling about

the knee-joint and distinct effusion into the joint cavity. The

arthritis is probably traumatic. No evidence of infection.

December 4. Fracture of the humerus is united. All wounds

are healed. No functional disturbance from the wound of the

knee. Localization (Fig. 27) shows an elongated shell fragment

embedded in the internal condyle of the knee just behind the

reflection of the capsule.

Fig. 27.—Localization chart of Case XX.

Owing to the lack of any definite indications for extraction

and the inaccessible position of this fragment with reference to

the knee-joint, this fragment was not removed.

Case XXI.—^Admitted August 13, 1915. Wounded Sep-

tember 6, 1Q14, at Noyons, by shell explosion. Penetrating

wound on the external anterior aspect of the right leg at the

junction of the middle and upper thirds. The wound healed

after suppurating for four weeks. Since then the patient has

had pain in the outer aspect of the leg, particularly when

marching.

The ar-ray shows a shell fragment just below the head of the

fibula in the peroneal muscles. The fragment evidently lies

close to the external popliteal nerve.
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August 30. Localization (Fig. 28) shows the fragment Kes

in the ankle between the tibia and fibula, close to the internal

aspect of the tibia. Incision was selected parallel to the internal

aspect of the tibia to avoid the possibihty of injuring the external

popliteal nerve. This approach rendered easy access to the

fragment, which was removed without difficulty with the aid of

local anesthesia.

September 10. Stitches removed. Wound healed per primam.

September 25. Patient walking without pain. Apparently

the shell fragment pressing upon filaments of the peroneal nerve

gave rise to a traumatic neuritis.

» GasirccrJe ^ri<us

Fig. 28.—Localization chart of Case XXI.

Case XXII.—Admitted August 21 from the Depot at Sens.

Wounded by shell explosion, June 7, near Arras. Wound healed

wdthin one month. On July 8 an effort at extraction was made,

but the shell fragment was not found. Since then the ankle

has remained swollen, and has been painful, particularly when

walking. The patient shows a scar 2 cm. in diameter on the inner

side of the left tendo-Achillis. Immediately behind and some-

what below the internal malleolus is a well-healed scar of opera-

tion. The region of the internal malleolus is slightly swollen

and tender. There is some voluntary limitation of motion

from pain; inversion and eversion of the foot are especially

painful.

The x-ray shows a large shell fragment lying partly in the joint

between the internal malleolus and the astragalus. Localiza-

Am Surg 5
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tion (Fig. 29) shows that the shell fragment lies between the

astragalus and internal malleolus, in a position where direct

operation is impossible owing to the bony barriers. In con-

sequence, the same procedure that was used in the shoulder case

was employed, and a second obser^'ation made with diagonal 2 as

a base line extending underneath the foot, and a point of incision

selected which extended upward and inward so that the shell

fragment could be withdrawn from its position between the tw^o

bones. This procedure is shown in the localization chart in

this case.

September 3. Stitches removed. Wound healed per primam.

September 20. Patient walks practically without difhculty.

September 2^. Evacuated.

^sfraaa/vs

r,i/^

Fig. 29.—Localization chart of Case XXII.

Case XXIII.—Admitted August 12 from the Depot at Sens.

Wounded near Arras. July 7. by shell explosion. Well-healed

wound of entrance on the inner aspect of right foot. Since then

there has been considerable difficulty and pain in marching,

so that the patient is incapacitated from military service.

The -T-ray shows a shell fragment lying on the plantar aspect

of the foot just beneath the scaphoid and cuboid bones.

September i. Localization (Fig. 30) shows that the shell

fragment lies beneath the plantar fascia in close proximity to

the flexor longus digitorum tendons. Incision is made in the

plantar aspect of the foot along the di'"ection of diagonal 2, and

after wound has been deepened to 3 cm.^—the depth indicated on

the localization chart—the fragment was inurcdiatelv felt after
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the application of the vibrating magnet. This was extracted

without difficulty.

September lo. Stitches removed. Wound healed per primam.

September 20. Evacuated. Patient walks without difficulty.

This series of cases has been selected from those operated upon

to demonstrate the development of the localizing methods, and

particularly to emphasize the adaptabihty of the profondometer

and harpoon methods to the various regions of the body. It

will be obvious from a review of this series of cases that no one

localizing method is adapted to the extraction of projectiles in

all cases. The methods must be selected to the requirements

of the individual case. We may conclude in general, however,

that up to the present time the vibrating magnet and the Sutton

cannula with the harpoon are perhaps best adapted for immedi-

/l&lro^o/ua

•Scotvh.

Plartior foscia

Fig. 30.—Localization chart of Case XXIII.

ate operation on cases fresh from the front, although their limi-

tations must be constantly borne in mind. The profondometer

is by all odds the most useful and the most general in its appli-

cation, and provides localization data upon which practically

any extraction can be made. In cases where the foreign bodies

lie in the extremities or in the soft parts, the harpoon guide

inserted by the Sutton cannula is of great service in providing

the operator with a conductor which will lead him directly and

rapidly to the foreign body. This, however, should not be

employed when the projectiles lie near important nerves or

vessels, even in the extremities. It may be asserted that in

most cases the use of these localizing methods makes the extrac-

tion of the foreign body a minor operation, inasmuch as 80

per cent, of them can be performed under local anesthesia.
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The process of localization is not a time-consuming one, inas-

much as the localizing charts can usually be made in a half to

three-quarters of an hour. In all grave cases, like those of the

chest and abdomen, the locaHzations were repeated after an

interval of several days had elapsed, and the charts obtained

from the two localizations made on transparent paper were

superimposed. In these instances, localizations made without

any reference to each other never showed a variation of more

than I or 2 mm. These methods do not require complicated

apparatus, and may be employed in any hospital which possesses

a good a'-ray machine and a good fiuoroscope. The profondo-

meter can be constructed by anyone with a little mechanical

ability and costs but a few cents, while the Sutton cannula and

the harpoon can be made by any instrument-maker.



THE TREATMENT OF SEPTIC GUNSHOT FRACTURES

By ROBERT B. GREEXOUGH, M.D.
BOSTON, MASSACHUSETTS

One of the interesting and difficult problems connected with

military surgery is the handling of gunshot fractures. In civil

life a compound fracture, even if produced by a gunshot wound,

as a rule receives early and adequate treatment in a hospital.

In war, adequate treatment becomes a physical impossibihty

until the wounded man has been brought back to a more or less

permanent base hospital. It is well understood that in war the

evacuation of the wounded must always take a place second in

importance to the advance of reinforcements, munitions, and

supplies, so that a considerable period of delay will inevitably

occur before adequate surgical treatment can be supphed.

The development of artillery in the present war, and the use

of high-explosive shells have rendered useless all fortifications of a

rigid character, and recourse has been taken to defenses of a

yielding character, such as earth-works, sand-bags, and trenches.

The soldiers employed in the construction and defense of these

entrenchments become immediately contaminated with the earth

of which the entrenchments are constructed, and wounds received

by soldiers under these conditions are almost invariably infected

with the organisms present in the soil. Thus the conditions of

trench warfare such as is now being conducted in Europe provide

the two most necessary conditions for the implantation and culti-

vation of infectious organisms in the wound. The dirt of the

trenches supplies the infecting organisms, and the delay in

evacuation, the necessary period of incubation. Under these
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conditions it is therefore inevitable that sepsis should play an

important part in gunshot fractures.

The material on which this comnmnication is based consists

of the 441 cases which were under the charge of the Harvard

University Service at the American Ambulance, at Neuilly-sur-

Seine, between April i and July i, 19 15. The details of this

service have been reported elsewhere, and it is proposed on this

occasion to use that material only as illustrative of the various

questions presented for discussion. As with many surgical

problems, the peculiar features of the individual case make any

hard-and-fast rule of treatment an impossibiUty, but certain

general principles can be recognized, and it is these general

principles which are presented for consideration.

Gunshot fractures of one or more bones formed a very large

proportion of the cases which entered the American Ambulance

in the University Service. The totals were as follows:

Cases.

Gunshot fractures of the skull 20

Gunshot fractures of the spinal column 6

Gunshot fractures of the upper and lower jaw .... 63
Gunshot fractures of the extremities 129

Gunshot fractures of the ribs 21

Gunshot fractures of the pelvis . 3

Total! 242

The missiles producing these wounds were about equally

divided between shell fragments and rifle bullets. Of 317 cases,

128 were bullet wounds, 133 wounds by shell fragments, and only

31 wounds by shrapnel ball. The remainder were combinations

of these missiles or of missiles of other character. The large

proportion of wounds from fragments of shell were the striking

feature of the service.

The conditions under which the wounds were received in this

series of cases were such that aseptic healing of the wounds of

* In the above list of injuries the total, 242, does not represent 242 different

patients, as several of the wounded presented multiple injuries, and compound

fractures of more than one bone are recorded as separate injuries.
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entrance and exit was extremely rare. Of the 129 compound

fractures of the long bones, in only three did aseptic healing

by first intention take place. The wounds were received at the

front in Belgium and France, from as far north as Ypres and as

far east as Verdun. The men had been Hving in the trenches

for a longer or shorter time before receiving their wounds,

under hygienic conditions which positively prevented personal

cleanliness. Their uniforms were invariably caked with trench

mud and dirt on their arrival at the hospital, and opportunities

for bathing or changing of underclothes, at the front, were

rarely available. Cultures showing gas-producing organisms and

other pathogenic bacteria were often obtained from the clothing

of the soldiers entering the hospital. First-aid dressings were

applied at the regimental dressing stations as soon after receipt

of the wounds as was feasible. In many cases, however, a period

of hours elapsed before darkness or cessation of hostilities allowed

the litter-bearers to bring in the wounded to the regimental

dressing station. The clothing was then cut from the injured

part, tincture of iodine was applied in and around the wound,

and a sterile dressing of the first-aid t^pe put on. Prophylactic

inoculation of antitetanic serum was ordinarily given at the

regimental dressing station, and a tag filled out, giving the name

and regiment of the wounded man, a provisional diagnosis, and a

statement of whether or not the antitetanic inoculation had been

given at the front. Where, for one reason or another, this was

omitted, the inoculation was made at the first subsequent dressing

where it was possible to do so. The wounded man was then

evacuated as an ambulatory, or as a stretcher case, to the first-

line dressing station, behind the first-line trenches but within

range of the battle line. Here the dressing was inspected, and,

if necessary, reinforced, and in some few cases temporary splints

of metal, or emergency splints, such as gun-barrels or other such

temporary expedients, were applied to immobilize the parts.

From the front-line dressing station the wounded were then

carried back as rapidly as possible, in ambulances, to the first-

line ambulance—a field hospital established anywhere from three
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to ten miles behind the line—where more adequate facilities for

emergency operations and for the application of splints and

dressings were afforded. At the first-line ambulance only the

more serious cases of abdominal or head injuries, which could not

survive transportation, were retained. Other cases were dressed

and immobilized, and sent forward as rapidly as possible to the

clearing hospital at the rail head, from which they were taken

by hospital trains to the permanent base hospitals. Under these

conditions the wounded arrived at the American Ambulance

after an interval of anywhere from twenty-four to seventy-two

hours. Occasionally cases were transferred to us from other

base hospitals after a number of weeks or m.onths had elapsed,

but the freshly wounded men w'ere rarely more than three days

in transit.

On arrival at the American Ambulance gunshot fractures

were examined, and if signs of sepsis were already present were

sent at once to the operating room. If possible an jc-ray examina-

tion, either by fluoroscope or by plates, was obtained, an anes-

thetic was given—gas-oxygen, ether, or chloroform being used—
the wound of entrance was enlarged and the wound was thor-

oughly explored; lodged missiles were removed, unless their

removal entailed such an opening up of the tissues to infection

as to threaten the integrity of the part. The chief object of the

investigation of the wound, however, was the removal of

foreign material which had been carried in by the missile. The
cloth of which the French soldier's uniform is made is of a short

fiber, which readily permits the punching out of pieces of clothing

before the advancing missile. Wounds produced by shell frag-

ments appeared to be more frequently contaminated by clothing

than those made by bullets. Occasionally fragments of all of

the layers of clothing covering the part could be removed from

the wound, and in several cases cultures of gas bacilli and other

organisms were obtained from these particles. In a case of gun-

shot wound of the upper end of the tibia, on one of the other

services, an amputation was done on account of gas-bacillus

infection. The specimen was brought to the Warren Museum
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at the Harvard Medical School, and on its arrival in Boston the

bullet track through the head of the tibia was sawed open, and

there, almost exactly in the middle of the bone, lay a fragment

of the soldier's uniform. Other foreign bodies which entered as

secondary missiles, such as stones, cartridge cases, fragments of

eyeglasses, and in one case part of a pair of binoculars, were also

found and removed. It was to us a matter of surprise that over-

whelming sepsis did not take place in a greater number of these

patients, but the fact must be attributed to the good natural

resistance of the individuals and the relatively low degree of

virulence of many of the infecting organisms.

The various problems connected with the treatment of these

injuries may be arranged in the following order, as expressing to

a certain extent the importance of the different problems:

Sepsis. Enough has been said to indicate that abundant

opportunity for infection of these wounds is provided by the con-

ditions under which they are received. It is also to be recognized

that opportunity for thorough exploration of the wounds and

removal of infecting foreign bodies will rarely be afforded within

a period of forty-eight hours, under the present conditions of

warfare as they exist in Europe.

It is my own opinion that further attempts by means of asepsis,

iodine, first-aid dressings, etc., at the front will accompHsh

no more than the present methods. The two serious elements

in this infection are (i) contaminating foreign material in the

wound, and (2) delay in its removal. Avoidance of the con-

taminating material at present appears to be impossible. In

the naval service, or under other conditions where soiled clothing

can be avoided, much may probably be done to eliminate this

danger. The other factor, which it would seem possible to modify,

is the delay in providing such treatment as is possible at a base

hospital. By the use of automobile ambulances it is probable

that much loss of time could be avoided. During a severe engage-

ment it is probable that the field hospitals and the clearing

hospitals would be unable to provide the necessary personnel

to give base hospital treatment to these cases. At other times,
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however, when the number of wounded is not excessive, explora-

tion of the wound could probably be undertaken at stations

nearer to the front. In this respect a very interesting suggestion

is offered by a French medical ofhcer. Dr. Jean Bouchon (Figs.

I and 2). Dr. Bouchon's idea is virtually the application, with-

out anesthesia, of the principles of the endoscope and the head-

mirror, for the exploration, at the front, of perforating wounds,

in order to permit the extraction of foreign material and the ade-

FiG. I.—Endoscope and head-mirror for primary exploration of wounds
without anesthesia. (Dr. Jean Bouchon.)

quate introduction of drainage. A most interesting series of

monographs showing the application of this principle to the

various regions of the body has been published, and appears to

be worthy of consideration. Taking cases as they are, however,

the problem at the base hospital is that of overcoming sepsis

at the earliest possible moment. To accomplish this, exploration

of the wound, under an anesthetic, the removal of foreign

material, excision of tissues damaged beyond repair, either by

trauma or by infection, abundant irrigation with mild antiseptic
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solutions, such as sodium hypochlorite or Dakin's fluid, and

drainage, are the important considerations. Drainage may be

obtained by the use of gauze, rubber tubing or rubber tissue,

and in the opinion of most of those who have used rubber tissue

there is no question whatever that it is greatly to be preferred,

partly because it is more comfortable in the wound and can be

inserted without pain, and partly because it oft'ers less danger

than rubber tubing of producing necrosis of the tissues with which

it lies in contact. Both the tubing and the rubber tissue are to

be preferred to gauze as giving better drainage.

Fig. 2.—Endoscope and head-mirror for primary exploration of wounds
without anesthesia. (Dr. Jean Bouchon.)

Fix.\TiON. Next to the overcoming of sepsis the fixation of

septic compound fractures appears to be the most important

consideration, and, to judge by the many different methods of

fixation which have been advocated, the ideal universal method
has not yet been obtained. For temporary fixation, at or near

the front, a readily transferable compact apparatus which can

be applied without much loss of time is undoubtedly the ideal.

For this purpose the zinc, tin, wire gauze, or aluminum fenes-
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Fig. 3.—Folding aluminum arm splint. (Boston Medical and Surgical

Journal, January 13, 1916.)

Fig. 4.—Types of wire-gauze splints supplied to the French dressing stations

at the front. (Boston Medical and Surgical Journal, January 13, 1916.)
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trated splints, provided by the French, in nests appear to be

as good as any other (Figs. 3 and 4). All of these splints require

o ^

abundant material for padding—a serious defect so far as their

portabihty is concerned. For anything but temporary immobili-
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zation, however, these spHnts are unsatisfactory, as the spHnt

must be entirely removed in the majority of cases to permit of

inspection or dressing of the wound. For more permanent treat-

ment three general methods are at present in vogue, according

to the preference of the individual surgeon:

1. Wire and metal splints: Fixation by special apparatus in

the form of adjustable wire or metal splints, bent and padded to

fit the individual case, will be found convenient in many cases

—

especially as the patient approaches the convalescent period.

The best examples of such apparatus are the Blake and the

Osgood modifications of the Thomas hip splint (Fig. 5), the

Osgood abduction arm splint (Fig. 6), the Jones abduction splint

(Fig. 7), and the Page arm splint (Fig. 8). All of these have

proved useful in servdce, and if the materials for their construc-

tion are available they have distinct advantages. A considerable

degree of mechanical dexterity is necessary for their construction

and adaptation to the individual.

2. Buck's extension: An infinite variety of applications of

the principle of Buck's extension have been devised for the

imm.obihzation of fractures of the extremities. With this mxthod,

bed treatment is generally necessary, and some form of long

splints, fracture-box, or coaptation splints is also needed. An
ingenious contrivance for the use of Buck's extension for arm

fractures was worked out by Dr. Joseph Blake, by means of

overhead extension obtained by a scaffolding over the bed. with

weights, counter-weights, and pulleys (Fig. 9). The so-called

"Balkan support" of the British ]\Iedical Service is a contri-

vance somewhat similar in character fFig. 10). At the American

Ambulance a special glue was used in place of the usual adhesive-

plaster straps of a Buck's extension, and cotton flannel bands

were glued directly to the skin, giving a smooth, firm attach-

ment, and one more free from irritation than any other adhesive

dressing I have seen.

3. The simplest and perhaps the most universally appHcable

method of fixation for gunshot fractures is plaster of Paris.

Although other methods were used because of special considera-
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tions in individual cases, plaster of Paris, applied with the patient

under an anesthetic and the limb in extension, was the method

upon which we came to depend most commonly in the treatment

of gunshot wounds of the extremities. In cases of fracture of

Fig. 6.—Abduction arm splint. (Osgood. j (^Buslon Medical and Surgical

Journal, January 27, 1916.)

the upper extremity sufficient extension could be obtained by
manual traction. In cases of leg and thigh fracture the

*'Maddox" table, a portable table for the application of plaster

in extension in orthopedic cases, proved invaluable (Fig. 11).
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Fig. 7.—Jones's abduction thigh splint. (Dr. C. C. Simmons.) (Boston

Medical and Surgical Journal, February' 17, 19 16.)

IK^ -IB

Kj^k { I

Fig. 8.—Page's ware arm splint. (Dr. C. C. Simmons.) (Boston

Medical and Surgical Journal, February 17, 19 16.)
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Fig. 9.—Overhead frame tor Buck's extension in arm fractures. (Dr. Joseph
A. Blake.) (Boston Medical and Surgical Journal, January' 27, 19 16.)

Fig. 10.—-The "Balkan support." (Dr. C. C. Simmons.) (Boston Medical

and Surgical Journal, February 17, 1916.)

Am Surg 6
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The objections to plaster are (i) that it is heavy; (2) that if

carelessly appHed, or if not carefully examined from time to time,

1 b

pressure sores may result; and (3) that swelling of the part or

shrinkage may make necessary an early cutting down of the

plaster or the application of a new one.
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The great advantage of the plaster dressings is that by the

use of bridges and trusses of metal, wire gauze, or even plaster

Fig. 12.—Tj'pe of reinforced plaster-of-Paris splint. Bridges of wire

gauze and metal, used to strengthen the dressing where windows were cut to

permit dressing the wound. (Boston Medical and Surgical Journal, January

13, 1916.)

ropes, windows can be cut in the plaster without interfering

with the rigidity or the extension, to permit thorough investi-

gation and dressing of the wound. In the plasters which we
employed. Dr. Robert B. Osgood, the orthopedic surgeon of the

Fig. 13.—Type of reinforced plaster-of-Paris splint. Bridges of wire

gauze and metal, used to strengthen the dressing where windows were cut to

permit dressing the wound. (Boston Medical and Surgical Journal, January

13, 1916.)

service, devised a number of methods for the construction and

appHcation of these dressings, and had no difhcultv in convincing
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us that the plaster dressing, well applied, was the most satis-

factory method of fixation that was available. With such a

dressing the patient could be readily moved in bed, or put in

Fig. 14.—Type of reinforced plaster-of-Paris splint. Bridges of wire gauze

and metal, used to strengthen the dressing where windows were cut to permit

dressing the wound. (Boston Medical and Surgical Journal, January 13,

1916.)

a wheel-chair and moved about, without affecting the immo-

bilization of the fragments. ]Most extensive and gravely infected

wounds could be well handled with either dry or moist dressings,

or even constant irrigation, without aft'ecting the fixation or

Fig. 15.—Type of reinforced plaster-of-Paris splint. Bridges of wire

gauze and metal, used to strengthen the dressing where windows were cut

to permit dressing the wound. (Boston Medical and Surgical Journal,

Januan,' 13, 19 16.)

soiling the plaster, and under its use it was our conviction that

such complications as secondary hemorrhage were best avoided

(Figs. 12, 13, 14, 15, 16).
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Secondary Hemorrhage. One of the dangers of infected

compound fractures, especially those due to gunshot injuries,

is secondary hemorrhage. The main vessels of the extremities

lie usually in close proximity to the bone, and the destruction

of the bone with the distribution of the fragments through the

tissues toward the w^ound of exit frequently involves injury,

either complete or partial, to the main vessels of the limb. We
had two cases of secondary hemorrhage in 129 compound frac-

FiG. 16.—Type of reinforced plaster-of-Paris splint. Bridges of wire

gauze and metal, used to strengthen the dressing where windows were cut to

permit dressing the wound. (Boston Medical and Surgical Journal, January

13, 1916.)

tures—one from the anterior tibial, and one from the brachial

artery. Both required ligature and amputation, and in one case,

on account of blood loss, transfusion was necessary. Both

recovered. Where extensive comminution of the bone took

place, and a sharp fragment of bone projected in the region of

the main artery of the Hmb, attempt was made, at operation,

to remove this sharp fragment, and the effort was then made to

obtain the best possible fixation of the bone. It was our opinion
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that thorough incision and drainage, removal of sharp frag-

ments, and immobihzation, were the most important considera-

tions in avoiding secondary hemorrhage.

Necrosis. After the subsidence of acute sepsis a certain

amount of destruction of bone was to be expected. The progress

of this necrosis was followed, from time to time, by the .r-rays.

Fig. 17.—Compound fracture of head of humerus. Sequestration of frag-

ments. (Boston Medical and Surgical Journal, January- 13, 19 16.)

In the long bones sequestra de\'eloped, were recognized by the

.T-ray, and were removed. In the region of the head of the

humerus, and the head of the femur, necrosis of the fragments

occurred, in some cases sufficient to produce almost a sponta-

neous excision of the head of the bone when the sequestrated

fragments were removed (Fig. 17). In general, however, the
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ability of the bone to regenerate, in the presence of sepsis, was

the conspicuous feature of these cases. It would seem that the

excellent physical condition of the men brought about almost

ideal results. Not only in the long bones but even in such flat

bones as the patella, the ability to regenerate new tissue and heal

Fig. 18.—Compound comminuted fracture of humerus by shell fragment.

Multiple foreign bodies left in. Good union. (Boston Medical and Surgical

Journal, Januan,- 13, 19 16.)

a necrotic process was evident. It became more and more obvious

to us, as our experience increased, that the surgeon was likely to

err on the side of too radical removal of supposedly devitalized

fragments in a preKminary operation, rather than when he left

to Nature the determination of which fragments were viable and

which were not (Fig. 18).
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Deformity. ^Nlalunion is a serious consideration in any

case of compound fracture. The chief protection against this

compHcation is, of course, fixation. In some cases the actual

loss of substance, produced by comminution of a bone, may
make union with deformity the only possible solution of the

problem. In such cases it is our belief that healing of the wound

Fig. 19.—Extensive comminuted fracture of huiiieru- Ij}- shell fragment,

with great loss of substance. Shell fragments remaining in tissue. Non-

union. (Boston Medical and Surgical Journal, Januan,- 13, 19 16.)

in deformity should be permitted, with the idea that subsequent

operation by bone graft, under favorable conditions, otters the

best prospect of a useful limb. In the prevention of deformity,

however, the plaster fixation appears to have many advantages

over the. other forms of apparatus.

Non-union. Failure to obtain union appeared to be due,

almost invariably, to actual loss of substance (Fig. 19). There
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were several cases in which cortical bone, in such a situation as

the middle of the shaft of the humerus, was comminuted into an

infinite number of fragments, and much of it driven bochly out

through the wound of exit. When this was the case non-union

appeared to be an inevitable result. Xo immediate treatment

could be effective in preventing this complication, but it was

believed that the best plan to pursue was the removal of necrotic

fragments as fast as they became separated, and permit the

healing of the wound with the idea of a bone-graft operation at

some subsequent period for the restoration of a useful limb.

We were convinced that operative efforts to obtain fixation by

bone graft or plate, in a septic wound, were a waste of energy,

and that appears to be the general consensus of surgical opinion

at the present time.

Ankylosis ant) Contr.a.ctures. Because of the presence

of a competent orthopedic surgeon on our service, we all had

impressed upon us the importance of the avoidance of ankylosis

and contractures as incidental complications in gunshot frac-

tures of the long bones. Ankylosis, as a result of joint injury

in connection with sepsis, may. of course, be an unavoidable

result. It is probable that drainage of joints with gauze or rubber

tubing will almost invariably be followed by adhesion of the

capsule to the joint surfaces. In our opinion, abundant irrigation

with bland solutions, and drainage to, but not into, the joint

cavity will yield the best results. If ankylosis is inevitable

the position of the joint which will produce the best functional

result should be determined and maintained. Attention should

especially be given to avoid fixation of a joint in such a position

that its mxost important function cannot be performed. This is

especially to be avoided in cases of nerve injury, such as those

of the musculospiral or the external popliteal, where wrist-

drop or toe-drop, if not corrected by apparatus, may readily

be followed by fixation of the joint in a useless position, and one

where subsequent partial or complete repair of the nerve injury

is followed by only incomplete return of function. The apparatus

devised for wrist-drop and toe-drop by Dr. Osgood, and used in
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the cases on the University Service (Figs. 20 and 21). together

with massage and electrical treatment to retain the vitaHty and

«

u

function of the muscles, contributed greatly to the comfort and

rapid recovery of many cases.
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Other Complications. A variety of other possible com-

plications added greatly to the interest, and not a Httle to the

Fig. 21.—Wire splint for toe-drop. (Osgood.) (Boston Medical and
Surgical Journal, January- 27, 19 16.)
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difficulty of the treatment of the series of compound fractures.

In this respect the nerve lesions are perhaps the most important.

Twenty-two cases of peripheral nerve lesions occurred in this

series of fracture cases. The musculospiral. as would be expected,

was the nerve most frequently involved. Operations for the

repair of nerves divided, or upon nerves which were caught in

callus, were indicated in only 12 cases in the series; but this

relatively small number of operable cases was due principally

to the fact that the time had not arrived when operation for the

repair or freeing of the nerve could be undertaken in a clean

field. The presence of sepsis in these cases is as much a bar to

operation for the peripheral nerve injury as for plate fixation

of the fracture.

A variety of intercurrent complications, such as bronchitis,

pneumonia, bronchopneumonia, tuberculosis, bronchiectasis,

cardiac lesions, etc., were observed as complications in a small

number of cases of the series, but did not materially aft'ect the

results.

SuMM.\RY.—The eft'ective treatment of gunshot fractures

demands:

1. Prophylaxis, by maintaining the personal cleanliness of the

fighting man to the highest degree possible, and the avoidance

of short fiber (shoddy) cloth as a material for uniforniS.

2. Prompt first-aid treatment with iodine and sterile dressings,

the use of prophylactic antitetanus serum, and the rapid evacua-

tion of the wounded to a base hospital where eft'ective exploration

of the wound, under an anesthetic, can be accompHshed for the

removal of foreign bodies, drainage, and fixation.

3. Comminuted fragments of bone should not be removed

unless widely separated from periosteum, or on account of danger

of secondary hemorrhage from pressure on the main vessels of

the part.

4. For temporary fixation and preliminary transport, nested

metal splints are to be preferred.

5. For permanent dressings, plaster in extension, under an

anesthetic, with reinforcements and windows to permit change
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of dressing, appears to be the most satisfactory method for

general use.

6. Buck's extension and special wire spHnts are of great

assistance in special cases.

7. Secondary hemorrhage is best avoided by the removal of

foreign bodies and sharp bone fragments, the adequate drain-

age of the wound and fixation of the fragments. Attempts at

operative fixation by bone-graft or plate should be discouraged

before the wound has healed and a clean operative field can

be obtained.

8. And, finally, prophylaxis is better than treatment for

•ankylosis of joints in faulty position and contractures.
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DISCUSSION OX THE PAPERS OF DRS. FAUXTLEROY,
GREEXOUGH AXD FLIXT

Dr. Walton ]\Iartix, Xew York City.

There were several points in the discussion which were especially

interesting to me and in which my own experience had led me to

slightly different conclusions than those expressed by Dr. Fauntleroy

and Dr. Greenough. Although my work in France was largely

administrative, still I had an opportunity to go about and to see not

only a number of base hospitals but also 15 or 20 field ambulances and

one large depot d'eclopes or station for the slightly injured. Dr.

Fauntleroy spoke of the great number of infected compound fractures.

These, of course, represent the result of the selection and sorting of

a great variety of injuries. The surgeon at the front sorts out and

distributes the different injuries: the slightly wounded, able to

return to the line Anthin a short time, are sent to a station near the

line; the severe injuries of the abdomen, thorax and head, and those

likely to die within a short time are sent to the field ambulances; this

leaves to be sent to the base hospitals severe injuries of the extremi-

ties ^^•ith bone and joint in\-olvement and grave injuries to the face.

This is the tx^ae of case of which we have seen so many .v-ray pictures,

and of which we have heard so much from those returning from France.

In these infected compound fractures Dr. Greenough said that he

had found plaster casts with fenestra cut out for treating the wounds

most satisfactory. From my own observation and from talking with

those who had been working since the beginning of the war I should

disagree with this conclusion. Extension and suspensior seem to be

the method gi\'ing greatest comfort and the best results. Dr. Blake

told me that at first he had used plaster largely, but that he had soon

become con\'inced of the greater advantage of extension.

In regard to the use of antiseptics, especially Dakin solution referred

to by Dr. Fauntleroy, my feeling was that large incisions advantage-

ously placed for drainage to relieve the tissue tension, and the removal

of foreign bodies, especially small jiarticles of clothing, etc., were of

far more importance than any antiseptic in combating infection; in

other words, the application of some of the oldest and best recognized

principles of surgery. Experimental work done ten or more years ago

showed that it was impossible to sterihze the tract of high-velocity

bullets even with the actual cautery.

Dr. Ch.\rles a. Porter,^ Boston.

I want to make a few remarks from the British point of \"iew of the

inefficiency of the first-aid package. It was small and seemed largely

' I3iscussion not corrected by speaker in time for corrected remarks to be

incorporated.
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a farce. Often in a very few hours from the reception of the wound the

parts swell and prevent organisms from without getting in. I want
to emphasize Dr. Flint's point that .T-ray plates do more to mislead

people than is frequently acknowledged. Particularly I want to

emphasize the point that the arm at the time of operation must be

put in exactly the same position as when .r-rayed or fluoroscoped, as

many are in a condition of spasm when the picture is made and when
relaxed under ether the position is changed and one is working possibly

two or more inches from where the bullet is to be found. It there-

fore seemed to me that the need for competent tluoroscopic examiners

was really greater than that for rontgenologists. As I went along the

French Hne I was struck ^^'ith the fact that the best surgical men were

stationed at the base hospitals and that ten miles back of the line

there was no .v-ray apparatus at all, the removal of foreign bodies,

etc., being done as best it could. There is no reason why .v-rays

should not be placed ten miles from the trenches as well as fifty.

In regard to salt solution, I agree with the fundamental principles

that drainage presents many interesting problems. The bullet

presents many new anatomical \'iew-points, and in order to get the

most satisfactory drainage it became constantly necessary to refresh

one's memory of cross-sections.

Dr. a. Vaxderveer, Albany.

Perhaps it may not be out of place for one somewhat along in years

to express his gratitude in Ustening to these very valuable papers on
military surgery. We remember, those of us who passed through the

Ci\-il War, a very severe wound made by the Minie bullet which

carried into the tissues, particularly fractures of the shafts of the

long bones, more or less of the clothing worn by the soldier, and these

were cases that gave prolonged suppuration and later on in many
instances necessitated an amputation which carried vnth it quite a

large mortaHty. So bad were the battles about Richmond that we
seemed warranted in exploring the wounds in the hope of getting out

the foreign bodies. I have read ^^^th a great deal of interest the

work done during the Franco-Prussian War, and now and then would

note that some kinds of wounds were being carefully studied and
described in which this particular element proved embarrassing.

Then we got to the Russo-Japanese War, and it will be remembered
that a great deal of stress was laid on the temporary dressing by the

wounded Japanese. Next we came to the Spanish-American War in

which those of us who had the opportunity of seeing the wounds which

were sent home, realized that the bullet then used introduced to our

observation a different kind of wound. The quick, ])uncturing,

steel-pointed bullet did not carry with it any great amount of tissue.
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and the wounds healed with remarkable quickness. I saw one

wound where the bullet entered just within the crest of the ilium

anteriorly, passing out near the sacrum, which, had it been caused by
a ^Minie bullet would have proved fatal, but under the circumstances

it healed quickly and nicely, due to the velocity of the bullet. We
now come to another class of wounds in this war. I am so glad to

listen to men who have seen so many shell wounds. What I had

hoped to hear this morning, and which I have to a certain extent, was

the treatment of fractures of the long bones. These were the cases

which gave us so much anxiety during the Civil War, always presenting

the question whether to amputate the limb or do it up and wait for

results. In many there was extensive suppuration with necrosis of

tissue, and a certain number required amputation late in the period

of suppuration when the chances for recovery were very poor. Some
will remember with me the great effort to save the limb in wounds
of joints, but the suppuration was so great, although we had, to a

certain extent, some drainage by the use of old linen provided, but we
did not have the perfect drainage of today and the mortality rate

increased to such an extent in cases of prolonged suppuration that

finally an order was issued stating the conservative methods were not

\\ise and no longer could be followed. How much has been done in

the way of plating compound fractures? How much has been done in

the effort to save the small fragments of bone? The great danger in

the latter cases is hemorrhage. How sad to be called in the middle

of the night and to be told that the patient was bleeding badly. How
much will we get out of this kind of military surgery in regard to the

sa\'ing of limbs in wliich the shafts of long bones are ir.iplicated by
plating or bringing into apposition the parts which have been injured?

I firmly believe if we were to have a serious war our hospitals would

require specialists just as much as specialists are required in private

practice, and then those men who are skilled in plating fractures will

find positions waiting for them in these hospitals.

I believe the paper read by Dr. Fauntleroy contains the essence

of wisdom learned years ago. In regard to brain surgery there will,

of course, be experts in that direction required, but to my mind there

is no method of exploration of the brain today which surpasses in

efficiency our old-fashioned linger. This subject brings up a whole

flood of reminiscences, and I am glad to have the physical strength

and mental capacity to digest the excellent papers heard this morning.

Dr. Arpad G. Gerster, Xew York.

Several months ago I had the pleasure of reading Dr. Fauntleroy's

excellent report of his experience encountered during the present

war, and it was a renewal of the pleasure to hear the gist of that
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experience in such compressed form, giving all the essentials without

fatiguing. Also it was ver>' interesting for me and for all of us to

hear the other reports, especially that of Dr. Greenough, and I ^^ish

to make remarks only regarding one point. That is the relative value

of disinfection and drainage. When, last summer. Dr. Bloodgood

sent out a number of inquiries regarding this ver>' question of the

first treatment of traumatic wounds, I then expressed my opinion,

that without questioning the relative and occasional great value of

antiseptics and chemicals in the treatment of wounds, I would, with-

out any hesitation, based on long experience, place the weight and

importance upon the point of drainage. This, of course, applies not

to drainage by tubing alone, but to all means that favor the free

escape of dead matter and secretions, that is, the drainage in the

evident acceptation of the term. Thus, drainage is also that form

of treatment which pre\'ents inspissation, and the good results of the

Carrel treatment are due not only to the use of a chemical but mainly

to the continuous maintenance of a condition where inspissation and

retention are impossible. So I think we are justified in dra\\-ing

this conclusion to place our rehance first on drainage after exposing

all infected parts and remo\-ing all foreign bodies by free incision,

converting an unfavorably shaped ca\-ity into an open tract, from

which noxious secretions will spontaneously escape by aid of the law

of gra\-ity. I would not take the pri\ilege of speaking except to lay

stress upon this fundamental thing. Though it is not entirely indiffer-

ent whether we use or not any form of disinfection; but disinfection

being a matter very frequently impossible in war, it is most important

and essential that drainage should be established and maintained.

If this is done then the results will be always as good as they can be.

Dr. a. M. Fauntlerov, Washington.

When the invitation reached me to prepare this paper six months

ago, I began by reviewing all the war literature that was in the library

of the Naval Medical School, and this paper represents the distillation

of all that immense amount of material. I endorse a great deal of it

and emphasize some of it in my paper, but I do want to agree with

what has been said regarding drainage. Unquestionably this is the

strongest factor of all ; there is no question that it exerts a controlling

influence in the infections of this war.

I wish to thank the Association for the honor conferred upon me in

inviting me to present this paper.

Dr. Joseph M. Flint, New Haven:

I simply want to emphasize the point which Dr. Martin brought

out with reference to the removal of a foreign body or projectile

Am Surg 7
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at the time operations of urgency are done, that is, immediately

after wounded arrive from the front, where there are indications for

drainage in infected cases or the removal of loose bone fragments in

compound fractures. If possible the projectile should be extracted

at this time, although no simple method of localization has yet been

de\'ised which is entirely satisfactory for this group of patients.

There is, likewise, no question that infected projectiles may lie at

the bottom of a wound and form a persistent focus of suppuration.

We were interested to see that in a certain percentage of wounds an

infected projectile would heal in and remain surrounded by a small

abscess. A number of patients were sent to us from other hospitals

for localization, where the wound had been entirely healed from three

weeks to two months, in which the shell fragments were found defi-

nitely infected as proved by culture. In our experience we found

that the French school, in general, advocated the removal of pro-

jectiles more frequently than would seem necessary, as there can be

no harm from the encapsulation or encystment of a foreign body that

does not cause symptoms. Extraction should only be done in the

face of very definite indications which I have outlined above.

Dr. Robert B. Greenough, Boston.

I would like to say that in advocating the use of plaster as a routine

dressing for compound fractures I do not wish to be understood as

abandoning the use of extension. In fractures of the leg especially,

plasters seem to be most satisfactory when applied, under anesthesia,

on one of the extension tables where any desirable amount of pull

by a halter or shoe applied to the foot can be provided. This gives,

I believe, the most comfortable fixation so far as the patient is con-

cerned, and permits moving about and getting out of doors more

than when we must rely exclusively upon Buck's extension. Out of-

129 compound fractures we had 13 amputations other than phalanges.

Seven were done on the field of battle before the cases came to us;

6 were done on our service. Of these 6, 2 were done immediately on

entrance, i for gangrene of the arm, and i for disorganization of the

ankle-joint with beginning gas infection; 2 were done for secondary

hemorrhage, and 2 others—one for infection of the ankle and i for

infection of the knee and ankle—after an attempt had been made to

save the limb. So there were only 2 in which there was not a definite

attempt made to save the extremity, and there were only 4 in which

we failed.



PRIMARY TREATMENT OF WOUNDS IN
CIVIL PRACTICE

By miles F. porter, M.D.
fort wayne, indiana

It is proper for me to say that for twenty-five years I had

a large experience in the treatment of accidental wounds, chiefly

railroad and shop injuries. The shop w^ounds were for the most

part those received in wood- or metal-working concerns. The
most important lesson taught by this experience is twofold:

(i) a greater respect for the inherent resisting power of the tissues

to infection, and (2) less confidence in the abihty of the surgeon

to cleanse infected wounds.

Measured from the stand-point of the patient, this is the

most important surgical lesson I have ever learned.

Belief in the old dictum that "nature is a good physician but

a poor surgeon" has done more harm than good. The fact is

that she does fairly well in both branches of practice, provided

she receives intelligent aid rather than pernicious interference.

The primary dressing should be the final one in many cases, and

in the vast majority of cases it should not be changed until

granulation is well established. To change the dressing on a

wound unnecessarily is a surgical sin.

I would not be understood as minimizing the necessity for

surgical cleanliness, but to warn against the danger, which my
experience has taught me is very real, of doing more harm than

good by too vigorous use of mechanical and chemical means in

efforts to secure a clean wound.

Generally speaking, one should refrain from using strong
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antiseptic lotions and from vigorous attempts at the mechanical

cleansing of wounds.

Except in rare instances, wherein infection is specially immi-

nent, as in dog bites, wounds made by objects infected with

horse manure, etc., the use of strong germicidal agents should

be decried.

For years I have advised against the use of antiseptic solutions

of even the ordinary strength, say i to looo bichloride of mer-

cury, in the cleansing of recent lacerated wounds, on the ground

that the antiseptic killed or injured the surface cells and failed to

penetrate the deeper parts of the wound as well as a weaker

solution because of the coagulation which they (the stronger

solutions) produced.

I have not tested the matter in my own work, but from the

results recently reported by others and from my own experience

in the treatment of infected wounds I have a feeling that anti-

septic solutions will in the near future give way to sterile- normal

solutions for the cleansing of accidental wounds.

The "thorough use of the curet" for the removal of foreign

particles and rough and prolonged search for foreign bodies

is unsurgical and unwarranted. The surface of a wound is

best cleansed of foreign particles by a stream of sterile water

or mild antiseptic solution, and the use of dry gauze wipes,

supplemented when necessary by the use of forceps.

In my own work in cleansing wounds and the areas imme-

diately surrounding them, gauze has largely replaced the brush

and curet; time, patience, and care have supplanted vigor; and

strength in antiseptic solutions has been abandoned in favor of

quantity.

When there is strong reason for believing that foreign bodies

are imbedded and are likely to cause trouble, it will be better

to allow them to remain at the primary dressing and wait until

Nature has had a chance to complete her defences before attempt-

ing their removal.

Hemorrhage and shock are conditions not infrequently making

the most urgent demand for relief. They are spoken of together



porter: treatment of wounds in civil PR.A.CTICE 10

1

because I have never seen shock without hemorrhage except in

injuries to the abdomen or brain. The following h}^othetical

case will illustrate my position as to the treatment of shock and

hemorrhage.

A patient with a knee and leg crushed beyond hope of repair

is seen shortly after receipt of the injury suffering severely from

shock and hemorrhage. A tourniquet is applied; a h^-podermic

injection of morphin and atropin is given; artificial heat applied;

a transfusion, hypodermoclysis, or rectal injection is given if

necessary while the patient is being anesthetized, or if the need

for this stimulation is not urgent the amputation is quickly done

and a sufficient amount of normal salt solution is injected into the

open mouth of a vein in the stump after removal of the tour-

niquet, and the wound is now closed and dressed. This patient

will go off the table in much better condition than he was in

when he went on the table, and will awaken relatively comfort-

able and without the fear and dread of a prospective operation.

A large number of cases similar to the above has fully con-

vinced me that to postpone amputation until the symptoms of

shock have subsided is a grave mistake.

Cases involving amputation of the thigh, double amputations,

and one quadruple amputation have done well when treated on

this plan, and while not all patients have recovered, none have

died of shock.

It would be presumptuous to say that no amputation should be

done except in cases where all hope of saving a better member

than the instrument maker can make is lost, and yet a large

experience involving, for a period of years, daily contact with

wounds produced by powerful and heavy machinery constrains

me to say that primary amputations in general should be of

rarer occurrence than they are at present, and that primary

amputation of a finger is seldom wise.

In like cases all surgeons would probably be governed in their

treatment by the same principles, but some would have more

faith in the recuperative power of the tissues than others, and

therefore more "hope. " My plea is for more of this hope-breed-

ing faith.
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There is great danger of doing too much at the primary dress-

ing in badly contused and lacerated wounds in other directions

also than those looking to surgical cleanliness, and especially

is this true in wounds of this kind complicated by fractures.

The temptation is great to readjust structures as nearly to the

normal as possible and fix them with sutures, wires, nails, plates,

etc. That this overzealousness has caused the loss of limbs and

lives that might have been saved by a less strenuous but more

judicious primary dressing is beyond question. Moreover,

undue efforts at coaptation and fixation at the primary dressing

not infrequently make necessary subsequent osteoplastic, teno-

plastic, and other repair operations that might be entirely avoided

or rendered much less extensive by withholding these efforts.

Sutures at the best are a necessary evil, and in contused and

lacerated wounds peculiarly evil and seldom necessary. Of

course, it is understood that nothing in the foregoing is to be

taken as weighing against the immediate suture of tendons,

nerves, muscles, etc., in cases (incised wounds for instance) in

which the indications for these procedures are clear; but as

urging the danger of sutures in contused tissues, the advisability

of dispensing with them very largely in the skin in favor of adhe-

sive plaster and properly applied dressings, and protesting against

the use of nails, plates, wire, etc., for purposes oi bone-fixation

and coaptation in the primary dressing of wounds complicated

with fracture.

One should be extremely cautious about removing bits of

tissue which seem hurt beyond recovery, and this caution should

be emphasized in deahng with wounds of the hands and fingers.

The objection to this "trimming" process is that it opens new

atria for infection, causes unnecessary sacrifice of tissue, increases

the bleeding, and adds to the time of anesthesia. The surgeon

will do this "trimming" job more expeditiously than nature,

but nature will do it much more economically and safely.

As a rule dry dressings are preferred. Raw surfaces should be

covered by narrow strips of protective gauze to prevent sticking

of the dressing and the consequent disturbance of the granula-
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tions when the dressing is changed. A non-odorous and non-

irritating antiseptic powder used freely in lacerated wounds is

advantageous.

The dressing should be applied with a view to securing as

perfect local rest to the parts as possible in a position conducive

to comfort and healing. Should the primary dressing become

stained with serum or blood the spot should be covered with

boric acid and an additional dressing applied.

The question of tetanus naturally and properly always arises

in the mind of the surgeon when he is called to treat an acci-

dental wound.

Having never seen a case of tetanus arising from a shop or

railroad injury, although I had treated thousands of such injur-

ies and having seen a number of cases of tetanus following injuries

received in barn-lots and on the streets, although I had treated

relatively few injuries of this kind, the conclusion was naturally

reached that prophylactic measures against tetanus were uncalled

for and would better be withheld in the treatment of all acciden-

tal wounds save those received under circumstances rendering

infection by the tetanus bacillus probable.

Before venturing to voice this opinion, however, it was con-

sidered wise to get the opinions of other Fellows of large expe-

rience in accident work. Five letters were written and replies

received from all. One surgeon seemed to miss the main point

of my letter, and his answer is therefore not germane. Abstracts

of the remaining four are as follows:

"I have been division surgeon at this point for the north-

western lines in Omaha for about twenty-five years. I have

also been chief surgeon for the Union Pacific Railroad since March

I, 1898, and in all that time I do not recollect having seen a

single case of tetanus arising from injury to railroad men while

engaged in their regular occupation, neither have there been

any reports of cases of tetanus from any point on the lines above

mentioned coming to my office. Therefore I would say that

the etiological factor of tetanus does not exist in the railroad

service proper.

"

A. F. Jonas.
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"Replying to your letter of the 26th instant, I would state

that I have been surgeon to the Pennsylvania Lines west in

this district (Pittsburgh) since 1882, and was actively engaged

in attending the injured men in the railroad shops in Allegheny

City for the first twenty years of that period. I have no recol-

lection of having had a single case of tetanus following an acci-

dent in these shops. We had one case in the early 8o's, but my
recollection is that it was not a shop case. Tetanus in my expe-

rience has nearly always occurred in patients who were injured

on the street, in yards, in stables, or by the use of percussion

caps.

"I have mquired of Dr. D. C. Boyce, who has been doing the

shop work of the last ten years, and he has never had a case of

tetanus among these men.

"I am speaking, however, from memory and not from records,

but this is a subject in which my memory cannot be at fault."

J. J. Buchanan.

"My experience with wounds and injuries in railroad shops and

in factories has shown almost entire absence of tetanus. I cannot

recall a single case of tetanus arising within factories or rail-

road shops unless the individual had something to do with

horses, say, covered by a horse blanket in being brought to the

hospital. It is another matter when a man is injured on a rail-

road crossing, however, that is, where the highway goes across

the railroad.

"

W. L. Estes.

"I do not now remember to have seen a case of tetanus arising

in connection with an injury received on a steam railroad or in

a factory. I have seen a few cases of tetanus in connection with

street-car injuries occurring in the streets of Chicago. In the

coal mines of Illinois that have been under my care since 191 2.

since which time they have been under the Compensation

Act, although we have had thousands of injuries, there has not

been a single case of tetanus reported." M. L. Harris.
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In view of the foregoing facts, and taking into consideration

the danger of anaphylaxis and the undesirability of sensitizing

a patient, we may conclude that prophylactic injections of anti-

tetanic serum should not be used save in patients with wounds

inflicted under circumstances rendering infection by the tetanus

bacillus probable.



INJURIES OF THE HAND FROM THE STAND-POINT
OF THE RAILROAD SURGEON

By ARCHIBALD MacLAREN, M.D.

AND

LOUIS E. DAUGHERTY, M.D.
ST. PAUL, MINNESOTA

Injuries of the hand are very common among workmen in

various trades, particularly among machinists and those whose

daily work brings them in contact with machinery of various

kinds. The treatment of these injuries presents problems to the

surgeon which are not simple, and oftentimes are so complex

that they require much judgment and thought. Although

they are classed as minor surgical problems, the ultimate func-

tional result is of such extreme importance to the patient who
makes his livelihood largely with his hands, that we have come

to regard them worthy of serious consideration. Indeed, injuries

which at first seem trivial if not properly treated may result in

serious impairment of function and deprive a workingman of

the means of making his living or resuming his occupation. Bad
results following the careless or incomplete treatment of injuries

of the hand are not uncommon. From what we can learn we

believe that these bad results are not due so much to lack of

knowledge as to carelessness and thoughtlessness on the part

of the attending surgeon. Referred cases of deformities of the

hand not infreciucntly come to us from men who we know are

perfectly able and competent to attend injuries of this kind,

but because these injuries are of the lingers or the hand, they

are apt to be slighted.
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The problems to be considered in this class are:

1. What will be the ultimate functional result? Can we in

any way repair the injury so that the patient will be able to

resume his occupation?

2. How long will the patient be disabled? Can this disability

be shortened in any way, either by the prevention of complica-

tions or by hastening the convalescence?

The European war which is now in progress has not added

anything new in the treatment of wounds except to start a

vigorous discussion as to the best means of preventing infection.

Conservatism as to surgical work has, however, been estabhshed

on a firmer basis. Wounds of the hand received in war are very

similar to those which we see daily in civil life.

During the past six years we have treated approximately

500 injuries of the hand, of various kinds. About 90 per cent,

have been in railway employees and about 75 per cent, of these

patients have been mechanics or those whose employment has

to do with machinery or tools of various kinds. These injuries

have varied greatly as to character and extent: some of them were

of the severe crushing kind and some were simple contusions.

It has been our desire to have the men return to work and resume

their former occupation if it was possible in any way to, preserve

enough of the hand. We have had no cause to regret this con-

servatism. Of the 500 cases reported it has not been necessary

to do a single formal amputation. By formal amputation

we mean a reamputation and the sacrificing of a portion of the

finger to make a flap to cover the end of the stump. The

importance of saving any small portion of a finger cannot be

overestimated, and may mean the difference between a hand

which will be useless and one with which many functions can be

restored, at least in some degree. Many of the crushing injuries

have been of such an extent that the fingers cannot be saved,

although it is surprising what good functional results can be

obtained if the attempt is made. In bad crushes we have snipped

off the skin or tissue and applied dressings and have allowed

the stump to heal by granulations. Little attention need be
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paid to the bone itself, which usually protrudes for some dis-

tance. We have frequently allowed this bone to remain as it

was at the time of injury for some days, and have amputated it

later with a pair of forceps. The stump is not ideal and may
be deformed, and the cosmetic result is often not good; yet

the function is better and the difference of a quarter of an inch

of stump, particularly of the second phalanx, is well worth

saving. These stumps are not, as a rule, painful for any great

length of time, and all of our patients have returned to work. We
have tried various methods of covering the stump, such as

taking portions of the skin farther back on the finger and slid-

ing them over the end. but we have come to believe that those

which are allowed to granulate and fill in themselves are just as

good.

In crushing injuries of the distal phalanx in which the

base of the nail has been left in its bed a claw-like deformity

may result, which is unsightly and bothersome. Rather than

amputate it is better to destroy the nail base.

Practically all surgical work on the hand can be done very

satisfactorily under local anesthesia.

Simple contusions of the nail are very painful on account of

the pressure and hemorrhage under the nail itself, and are of

frequent occurrence. This accident is so common tnat most

of the workmen have discovered their own method of treatment,

which consists of boring a hole in the nail near the base with a

pocket-knife; this allows the blood to escape and relieves the

pressure and pain. The treatment is satisfactory when done

under aseptic conditions.

Cuts and burns of the palmar surface of the finger are very

apt to result in deformed scar contractions, which are unsightly

and bothersome. This is particularly true of wounds in a lon-

gitudinal direction. These deformities can usually be prevented

by a splint applied at the time of the first dressing, and allowed

to remain until some time after the wound has healed. Several

cases have come to us with the fingers so badly contracted that

the function o\ the hand has been seriously interfered with
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because this precaution has not been observed, or more likely

because it has been forgotten.

Infections of the hands among those whose occupation has

to do with machinery or tools of various kinds are not common.

In fact, judging from our statistics, they are very uncommon.

And this is true in spite of the fact that in most cases there

has been little or no attempt at first-aid dressing. Usually the

patient has reported some time after the injury and the hands are

covered with black grease and soot. These infections are so

uncommon that we have sometimes wondered whether or not

the oil used about the shops does not in some way have a mild

antiseptic action.

Without entering into an extended discussion as to what

constitutes the best dressing for the prevention of sepsis, we

believe that suitable dilute antiseptics have never done harm,

and, consequently, there cannot be any objection to their use.

In fact, practical experience teaches one that the moist anti-

septic dressing may and often does prevent infections, and is

to be desired for the first few days. After this, when the wound
begins to granulate, some simple ointment is used. This oint-

ment prevents the dressing from sticking to the wound, and

when it is changed, prevents the granulation from being torn

away.

First aid to the injured is desirable, but it is extremely difficult

to obtain. An extensive experience in an attempt to teach

first aid to the layman leads us to believe that the fault is that

we do not attempt to teach our classes a few simple methods of

first aid, but we become enthusiastic and try to teach them

many facts which seem simple to us but which to them are

complex and difficult. A simple splint for a fracture—the use of

the tourniquet or a simple antiseptic dressing—these are things

easily taught and are easily grasped by the pupil. An attempt

to teach the ordinary layman beyond this point will lead to con-

fusion and difficulty.

For punctured wounds the treatment we have followed for

some years has been as follows: the area around the wound is



no MAC LAREN, DAUGHERTY I IN7URIES OF THE HANB

cleansed with benzine and painted with tincture of iodin. The

wound is cocainized by introducing a probe covered with cotton

and saturated with 4 per cent, cocain solution. This is followed

by a cauterization with pure carbolic acid, followed with alcohol

introduced in the same manner. It is not painful, and how use-

ful it is in preventing infections we do not know; but we have

never seen a case of tetanus follow a punctured wound treated

in the above manner, and this experience includes many punc-

tured wounds in miners and those working in earth where the

introduction of anaerobic bacteria would be expected.

The importance of tendon suture need not be here empha-

sized except to state that all wounds of the hands and fingers

in the region of the tendons should be carefully examined, and

if there is any question as to whether or not the tendon is cut,

the wound should be enlarged and the tendon examined. Judg-

ing by referred cases we have seen, this precaution is too often

omitted or forgotten.

Fracture of the carpal bones are not common, although we

have seen a number of fractured scaphoids. and it has been our

habit whenever any question arises as to either fracture or

dislocation of the carpals to a>ray both hands on the same plate

in the same position. This will often enable one to demonstrate

injuries to the bone which ordinarily would be overlooked.

A simple retentive dressing for three weeks usually results in

perfect function.

The treatment of fractures of the metacarpal bones does not

present any special problem except the so-called Bennet's

fracture or (stave) of the thumb. This is a fracture of the

proximal end of the metacarpal bone, oblique in character, which

passes into the joint with the trapezium. The metacarpal bone

is displaced backward. This injury is not uncommon among

workmen, and is caused by striking the end of the thumb, and

unless recognized and properly treated is apt to result in incon-

venience and disability.

Among the most satisfactory dressings for fractures of the

metacarpal bones, especially when there is an anterior dis-
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placement of either fragment, is the roller bandage grasped in

the palm of the hand. The bandage is held in place with adhe-

sive plaster and the hand is watched to prevent posterior bowing.

All retentive dressings for fracture of bones of the hands are

apt to become displaced, and it has been our custom to examine

them daily for the first week with the a:-ray screen.

Of all dislocations and injuries to the bones of the hand the

dislocation of the thumb metacarpal backward has been the

most troublesome.

Most injuries of this character are not seen until some time

after the injury, and by that time the torn capsule has not

united and a permanently weak thumb has resulted. The dis-

location is so easy to reduce that it usually is reduced by the

patient himself, and as little pain exists at the time of the injury

the patient does not consult a physician. The disability is out

of proportion to the injury, and while we have not operated upon

this condition, we feel that an operation to restore the torn

capsule would be in every way justifiable. Workmen are apt

to be disabled for weeks with this seemingly trivial injury.

Among dislocations of the carpal bones the forward disloca-

tions of the semilunar has been the most common. Attempts

at reduction, if seen soon after the injury, should be made. If

it cannot be reduced, the removal of the bone does not cause

any impairment of the function.

Mallet or drop-finger is quite common, and is caused by a

blow on the tip of the terminal phalanx. It ruptures the attach-

ment of the extensor tendon near the base of the phalanx, so

that it becomes flexed. Splinting has not been satisfactory,

probably because most cases seen are old, and suture of the

tendon to the periosteum must be done. This deformity is a

serious handicap to those whose occupation requires the skilful

use of the hands.

Base-ball finger is the reverse displacement to mallet finger,

the terminal phalanx being dislocated backward. In these

cases there is usually an injury to the bone itself, and as in the

case with the mallet finger, they are usually seen late, after



112 iL\C LAREX, DAUGHERTY: IX'JURIES OT THE HAND

deformity has existed for some time and splints are of little

value. It fortunately, however, does not seriously interfere

with function.

The desire to shorten the convalescence and have the patient

resume work has caused us several times to resort to too active

motion in joints which have become stiffened by non-use or

injury. It is a temptation to forcibly extend or flex a finger,

and we have had cause for regret that we have too often resorted

to this method, and instead of being shortened, the convalescence

has invariably been prolonged. The best method of treatment

for this condition in our hands has been to have the patient

resume work or at least do some work. When the fingers are

flexed or extended to such a degree that they cause pain the

patient will stop using them, and we feel that pain in the majority

of cases of this kind is a good index to follow.

Stiff fingers are a great handicap to working men, so much so

that amputation has been repeatedly performed for this con-

dition. In view of our more recent knowledge we feel that

operations on joints of the fingers and the production of mov-

able joints should be at least attempted before resorting to

amputation.

The prevention of accidents has recently occupied the atten-

tion of many large firms and corporations employmg men who

are apt to become injured. "Safety first" has become a watch-

word. The physician has taken an active part in the prevention

of disease, and it seems to us that the surgeon should take the

same interest in the prevention of accidents.



CHRONIC GENERAL INFECTION WITH THE
BACILLUS PYOCYANEUS

By LEONARD FREEMAX, B.S., M.D.
DENVER, COLORADO

The following paper contains a brief statement of the promi-

nent symptoms of pyocyanic infection, together with the main

facts in its pathology and a somewhat detailed report of an

instance of the more unusual chronic form of the disease.

Systemic infection with the bacillus of green pus, which was

first scientifically studied in man and animals by Charrin some

thirty years ago, occurs in two forms—the acute and the chronic.

The former runs its course in a few days while the latter may

persist for weeks, months, or even years. It is a serious disease,

often resulting fatally, although recovery occasionally takes

place. It is usually observed in infants and young children,

although many cases have been reported in adults, and their

number will probably increase as familiarity with the symptoms

becomes more general. The acute form is by far the more com-

mon, the chronic apparently being so rare that only a few cases

have been reported.

The acute infection comes on suddenly, with violent gastro-

intestinal symptoms. There is purging and vomiting, high fever

of the septicopyemic tj-pe, headache, and pain in the back and

limbs, often extremely severe. In a short time a cutaneous

eruption appears, mostly upon the trunk and extremities, which

is erythematous and even hemorrhagic in character, and mani-

fests itself in reddish or bluish macules and papules, and occasion-

ally blisters, pustules, or petechiae. Death in a few days is the

usual outcome.

Am Surg 8
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The chronic infection usually begins acutely, although this

is not always so. After its acute stage is past there sets in a

long course of irregular septic fever, accompanied by chills and

sweats, by a more or less marked cutaneous eruption, and by

neuralgic pains in the extremities, mainly the legs, which are

often followed by paresis and marked atrophy of various muscles.

The disease may continue almost indefinitely, leading to great

weakness, emaciation, hebetude of mind, and generally death.

In both the acute and chronic forms, pleuritic, pulmonary,

meningeal, and nephritic complications are not uncommon,

and enlargement of both spleen and liver is quite constant, espe-

cially the former. Cirrhosis of the liver and kidneys has been

observed in the more chronic cases, as well as perihepatitis and

effusion into the various serous cavities, such as the pericardium,

pleura, meninges and joints. Icterus may be present from in-

volvement of the liver.

The leukocyte count is increased but Httle if any, and may
even be markedly decreased, owing to the presence in the blood

of a leukocidin.

Careful pathological investigation (Frankel) seems to show

that the Bacillus pyocyaneus is not a true blood parasite. In

other words, it does not grow within the blood as do the micro-

organisms of a true septicemia, but merely uses the blood as a

means of transportation from one locality to another, so that

blood examinations may reveal the germ at intervals only or

not at all. In fact, it is much more likely to be found in the

bile than in the blood, owing to its predilection for the liver,

together with other parenchymatous organs. Wherever it

finds lodgment, however, it multipHes rapidly within the walls

of the vessels and in their immediate vicinity, thus accounting

for the hemorrhagic phenomena and infarcts which so frequently

manifest themselves in the skin, the kidneys, the gastro-intes-

tinal tract, the liver, the spleen, and the lungs. It has often

been detected in the urine.

The bacillus may gain entrance to the circulation in several

ways: through lesions of the skin or mucous membranes (ear,
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nose, tonsils, accessory sinuses, gastro-intestinal tract, etc.),

through the teeth, through the umbilicus in infants, and possibly

through the lungs. The intestinal tract has been regarded as

a common source of infection by many observers, although actual

demonstration is, of course, difficult, the idea being based upon

the frequent finding of the germ in the stools and the apparent

absence of all other sources of infection.

The following case is presented because of its unusual surgical

aspects and its extreme chronicity—so far as I am aware only

one other instance of equally long duration having been reported,

(de la Camp.)

The disease began acutely but soon became chronic and lasted

continuously for between ten and eleven months, finally ending

in recovery, with the exception of a moderate paresis of the lower

extremities, which is still undergoing improvement. It defied

diagnosis by many physicians, both in Denver and Chicago,

until finally its cause, the Bacillus pyocyaneus, was more or less

accidentally discovered during the course of a cholecystostomy,

and a curative vaccine administered.

Case Report.—On November 22, 1914, the patient, a phy-

sician, aged fifty-one years, experienced, without appreciable

cause, a marked chill accompanied by purging and vomiting.

There was severe headache and backache, and the temperature

rapidly mounted to 104.5°. Within twenty-four to forty-eight

hours a considerable improvement took place, in which the

fever almost disappeared and recovery seemed assured. At

the end of another day or two, however, the temperature again

rose to 102° or 103°, with daily exacerbations and remissions at

irregular intervals. The headache and especially the backache

were extreme and accompanied by great pain in the lower extrem-

ities, which was described as beginning at the hip and passing

downward over the whole limb in a sort of "wave" which finally

concentrated in the calf.

In three or four days from the inception of the attack there

appeared on the right ankle a hard, red, raised wheal of consider-

able size, which was sore to the touch. In a few more days a
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reddish eruption broke out over the entire body, especially

upon the extremities. It was maculopapular in character, each

spot being about the size of a pea. The trunk was only moder-

ately affected and the face not at all, although there were a

number of spots around the edge of the hairy scalp.

The eruption, together with the pain in the back and other

s\Tnptoms, at first led to a tentative diagnosis of smallpox,

which was soon changed, however, to erythenia multiforma.

In the third week there appeared an erythema nodosum, the

nodules being tender and some of them as large as a twenty-

five-cent piece. Even the soles of the feet and palms of the hands

were affected. There were at no time any pustules and but one

or two blisters.

This eruption occurred intermittently for about nine months,

growing, however, gradually less. It would appear rapidly and

then slowly fade until it almost disappeared between the attacks.

The pains in the limbs lasted for about six months, although

varying greatly in intensity from time to time. They were

particularly severe just before the exacerbations of the erup-

tion, and seemed to be distinctly associated with it.

Gradually there developed a paresis of the lower extremities

with muscular atrophy, which persisted after reco^-ery and still

exists, at the end of over a year, to such an extent that the patient

walks with some uncertainty and uses great caution in going up-

and downstairs.

Fever appeared daily, at irregular times, during the entire

illness, occasionally as high as 104° or over, but usually from

101° to 103°. It was accompanied by severe chiUs and profuse

sweats, followed by a sudden drop to far below normal, sometimes

so far that it could not be registered. It always rose rapidly,

stayed at its highest point about half an hour, and then quickly

declined. (See illustration of chart.) Sometimes there were

intervals of a day or two when the fever almost if not quite

disappeared, and false hopes of improvement were entertained.

The reslilt of the long illness was extreme weakness and emaci-

ation, accompanied by considerable mental hebetude, although
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this did not appear for about six months. Constipation was
present throughout, following the short initial diarrhea. The
urine was always negative. No lesions of the ears, the nose,

or the accessory sinuses could be determined, either chnically

or by the .x-rays, and the heart sounds were always normal.

1040

•Typical excerpt from temperature chart, January 13 to 22, 1915.

The diagnosis being doubtful, at the end of three or four weeks
the patient decided to go to Chicago, where he visited the clinic

of Dr. John B. Murphy. After an exhaustive examination,

including blood tests, spinal punctures, and animal inoculations,
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which were all negative, a diagnosis of Rocky ^Mountain spotted

fever was made. Against this, however, were the facts that the

patient had not been recently in a tick-fever district, and the

season of the year when the disease began was at least two months

too late for infection from ticks to occur. After returning to

Denver the element of time soon definitely disposed of the diag-

nosis of spotted fever, and other causes for the trouble had to

be sought.

At the end of three months, with the idea that pyorrhea might

be the source of the difficulty, an x-ray picture of the alveolar

processes was taken, disclosing several pus pockets. An anes-

thetic was then given and all of the teeth extracted, in order

to remove with certainty every source of dental infection; but

from this heroic measure, although justified by the seriousness

of the disease, nothing definite resulted. It is quite possible,

however, that the pyorrhea may have been the original source

of infection.

From time to time during the long illness various blood

examinations were, of course, made, including a Wassermann

test, a von Pirquet test, leukocyte counts, bacteriological investi-

gations, etc.. but nothing of practical importance was disclosed,

although some two weeks after the disease began the Proteus

vulgaris was detected; but it was difficult to attach any special

significance to its presence, and it was not found again. About

this time, examinations of the blood, made by Drs. Hillkowitz

and Hill, showed: hemoglobin. So per cent.; red corpuscles,

4,200.000; white corpuscles, 12,000 to 13,000; lymphocytes,

9 per cent.; polynuclears, 87 per cent, to 94 per cent.; large

mononuclears, 4 per cent.; microorganisms (smears and cultures)

absent: t}^hoid and paratyphoid tests negative; and malarial

Plasmodia absent. The results of guinea-pig inoculations were

negative.

At the end of about five months, attention was attracted to

the gall-bladder by a moderate amount of tenderness and rigidity

in that region. The patient also stated that for at least a year

he had been subject to attacks of pain beneath the right costal
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margin, which were severe enough to prevent him from attending

to his professional duties. Acting upon this somewhat indefinite

clue, Dr. J. X. Hall, seconded by Drs. Carlin, Whitney, and

Arneill, urged an exploratory operation, which I performed on

May 22, 1915, assisted by Dr. W. S. Bagot.

The gall-bladder was found to be much elongated, slightly

thickened and whitish, and adherent to the colon. It was filled

with very thick, black bile, about the consistency of cold molasses.

There were no stones. A moderate cirrhosis of the liver existed,

and there was much clear fluid in the peritoneal cavity, although

this had not been detected previously. The pancreas, stomach,

and appendix were negative. After draining off most of the ascitic

fluid a cholecystostomy was quickly done, the patient's condition

not being favorable to further exploration.

Cultures, made by Dr. Philip Hiilkowitz from the thick, black

bile, under rigorous aseptic precautions, gave a pure growth of the

Bacillus pyocyaneus, from which a vaccine was made, 8,000,000

to the cubic centimeter. This was administered every five

days, beginning with o.i c.c. and increasing the amount o.i

c.c. each dose until i c.c. was reached, where the dosage was

maintained. (The fact that the pyocyanic germ develops its

coloring matter in the presence of oxygen only, sufficiently

explains why the bile was black and not green.)

From the beginning of the use of the vaccine the general

trend of the temperature was downward, although it occasionally

went to a moderate height, especially following the injection of

the vaccine. The physical condition, however, was still one of

great weakness, which seemed even to increase for a time in

spite of the gradual subsidence of the fever; but after a few weeks

decided improvement set in and the temperature slowly descended

to normal. At the end of nearly eleven months from the begin-

ning of the perplexing and discouraging disease, recovery was

complete.

During the eighth month a left-sided, clear pleural effusion

appeared; but after a single aspiration the fluid did not reaccu-

mulate, its behavior being analogous to that of the ascites which

permanently disappeared following the operation.
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At the present time (March 24, 1916) the patient is in most

excellent physical condition, with the exception of a moderate

weakness of the legs, which causes some uncertainty in walking,

but is slowly improving. (Dr. Delehanty reports that the

extensor muscles are much weaker than the flexor, and the

patellar reflex is absent, while the plantar is present.) Both

liver and spleen seem to be normal in size, and there is no evidence

of ascites.

The diagnosis in this case was based upon:

1. The acute onset, with vomiting and purging.

2. The characteristic eruption.

3. The long-continued fever, for which no other cause could

be found.

4. The severe pains in the extremities, followed by paresis

and muscular atrophy.

5. The detection of a pure culture of Bacillus pyocyaneus in

the bile, where it would be most apt to be found.

6. Recovery under drainage of the gall-bladder and the pro-

longed use of a vaccine. (The vaccine treatment was originally

suggested by Charrin some thirty years ago, and has since been

used with apparent success. (Groves, Barker.)

7. The corroborative evidence of temporary ascites, cirrhosis

of the liver, and pleural effusion, which may all have been due

to the pyocyanic infection and have been observed in similar

cases. The most prominent point against the diagnosis was the

absence of any marked hemorrhagic tendency, so frequently

but not always, found.

The features of special interest in the case are:

I . Its extreme chronicity, having lasted nearly eleven months.

Very few of these chronic cases have been reported. I have been

able to find one by de la Camp, (adult) lasting eighteen months

(death); one by Jadkewitsch lasting four months (adult), with

paresis of both legs (recovery); one by Sudeck (adult) lasting

sixteen weeks (recovery); one by Hiibener (adult) lasting three

weeks; one by Kohn lasting three weeks (death); and one by

Koslowski (adult) lasting five months (recovery).
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2. The typical neuralgic pains followed by paresis and muscu-

lar atrophy. These have been frequently observed in both man
and animals, and are characteristic of the disease, but probably

not pathognomonic, although so regarded by Charrin.

3. The absence of the Bacillus pyocyaneus from the blood

and its presence in the bile, which might be expected from the

conditions under which it exists in the body. (The cutaneous

eruptions and urine were not bacteriologically examined.)

4. The absence of any discoverable point of infection, unless

it might be the teeth, making it possible that this was somewhere

in the alimentary tract.

5. Recovery following drainage of the gall-bladder and the use

of an autogenous vaccine.

6. The occurrence of cirrhosis of the liver. While this may have

been due to other causes, it has nevertheless been observed in

chronic pyocyanic infection (de la Camp), and seems to have

disappeared since the recovery of the patient. (Hall.)

7. The presence of ascites and pleural effusion, which promptly

disappeared, the former following an abdominal incision and

the latter a single aspiration. Similar effusions from serous mem-
branes, such as the pleura, peritoneum, pericardium, meninges,

and joints, have been reported by different observers.

8. The satisfactory recovery after so severe and protracted

an illness, with the exception of a moderate paresis of the lower

limbs, which seems to be improving.
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GAS-BACILLUS INFECTION—SURGICAL
BACTERIOLOGY

By JOSEPH COLT BLOODGOOD, M.D.
BALTIMORE, MARYLAND

The successful development of aseptic surgery has apparently

influenced surgeons and bacteriologists to discontinue their

interest in and investigations of bacteriological problems.

There is hardly a clinic in this country today with an active

and well-developed bacteriological department. There are few,

if any. trained surgical bacteriologists in this country.

We have apparently lost interest in infected wounds and in

the bacteriology of infectious diseases.

In civil practice the majority of wounds are aseptic. Acci-

dental wounds reach the hospital so quickly that grave infections

rarely take place.

Before the present w^ar it was the general opirion among

military surgeons that the immediate treatment of bullet wounds

with iodin and the appUcation of a first-aid dressing would

insure the healing of the wound.

Surgeons with splendid training in asepsis and of great opera-

tive experience and skill in the common operations of civil hfe

found themselves absolutely unprepared for the huge and

practically always infected shell wounds of the present war.

We are told that lirst-aid measures have failed, antiseptics are

of no value.

The surgery of infected wounds had been thoroughly estab-

lished before this war, and had practically reached its Kmits.

The free opening of the infected wound, the removal of foreign

bodies, the establishment of perfect drainage, the frequent irriga-
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tions and the continuous-bath treatment were methods worked

out more than a quarter of a century ago, and even longer.

Apparently many of the younger aseptic surgeons were not

famihar with these older well-established surgical procedures,

and even those w^ho were found that their inexperience had

interfered with the development of what we may call surgical

judgment which allows the surgeon to decide as to the best time

and means for performing this established surgical procedure

and getting the best results.

The most experienced surgeons at the front today emphasize

the importance of this necessary surgical qualification—judgment.

However, when this judgment is developed to its highest

degree, and when all the possibilities of surgical intervention

have been exhausted, there is still left an infected wound and

usually a general infection.

The surgical world was therefore absolutely unprepared to

meet the unexpected avalanche of infected shell wounds with

and without compound fracture.

In the past, therefore, we had developed surgical bacteriology

only so far as to meet the urgent and most frequent demands of

the day. We had not used our imagination as to what might

happen in the future and as to what new demands might be

thrown upon surgery.

The introduction of carbolic acid by Lister was entirely

dependent upon the bacteriological work of Pasteur. The full

development of aseptic surgery progressed step by step along with

the development of surgical bacteriology. The sterilization of

everything that came in contact with the wound was due to the

science of bacteriology. The inability to thoroughly cleanse

the hands and the introduction of rubber gloves was due to the

surgeon's interest in the important problems of the day, that is,

to make a wound, close it, and have it heal per primam. This is

chiefly the work of civil surgeons.

When aseptic or clean surgery was developed interest in

bacteriology ceased. Our clean wounds healed. Why investi-

gate further? Infected wounds and infections were rare, so
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uncommon that practically no further investigation was made
along this line.

Welch and Nutall {Johns Hopkins Hospital Bull., July-

August, 1892, vol. iii) discovered the gas bacillus at an autopsy

in 1892. From then on bacteriologists were intensely interested

in cultivating the gas bacillus, the surgeon in recognizing the

infection and performing the proper operation immediately.

But in all the succeeding years the interest in this gas-bacillus

infection apparently did not go beyond the problem of the

demonstration of the organism in the wound or the surgical

problem of incision, drainage, bath treatment, or when to

amputate to save the patient's life. There was no investigation

along scientific lines, or in the laboratory, as to the possibihty

of some specific antiseptic for this infection (chemotherapy), or

the production of a curative or protective serum.

If we had today for the gas bacillus a protective serum as

efiicacious as those for tetanus and typhoid, wounds in this

war would be a different problem.

The results of the tetanus antitoxin as a protective serum

are confirmed by the experience in this war. However, when

tetanus is treated after the clinical picture is well estabhshed,

we have apparently made little progress in treatment. At

least there is a tremendous difference of opinion as tc the real

efficacy of the different forms of treatment.

The same is true of practically all surgical infections, except

syphilis and tuberculosis. The Wassermann test and the

chemotherapeutic agent salvarsan have given a method of

recognition and control of this surgical infection far beyond any

other.

In the s}^hilitic inflammation, whatever its t}q3e, there is a

local growth of new tissue associated with necrosis. Yet, even

after the older treatment, but more especially after salvarsan,

this diseased tissue disappears and is replaced by normal tissue,

that is, restoration to normal is almost perfectly accomplished,

except in the tissues of the nervous system.

These results of Wassermann and Ehrlich should gi\'e rise to
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hope and stimulate other investigators to make similar attempts

for other surgical infections.

The marvelous effects of diphtheria antitoxin also suggest

similar possibiUties for other infections.

We need more men of the t>^e of Pasteur, Koch, and EhrHch.

Investigations of this kind must be done in the best-equipped

laboratories and require large financial support.

It is quite true that Wright's investigations on surgical infec-

tions with the development of the opsonic index and vaccines

created tremendous interest, but apparently the consensus of

opinion is that the vaccine treatment for infections has failed.

The improvement in the treatment of surgical tuberculosis is

apparently due neither to a chemotherapeutic agent, nor to a

serum, but to the early recognition of the disease, the better

knowledge of certain portals of entrance, and the larger expert

experience in the details of general hygienic treatment.

In the beginning we were especially interested in the bacteri-

ology of appendicular abscess and peritonitis, but we soon found

that best results were obtained by the early clinical diagnosis

followed by an operation before abscess or peritonitis developed,

and since then we have lost interest in cases of peritonitis which

fortunately are growing fewer and fewer. But at the present

time we have no new method of attack when we are unfortu-

nately called on to treat peritonitis in the late stage. Undoubt-

edly many lives could be saved if we had developed by continuous

and intensive investigation some serum or chemotherapeutic

agent against the well-known bacteria of general peritonitis.

In the beginning cultures were always taken from the gall-

bladder and from within gall-stones, but as the results of opera-

tion upon the gall-bladder and ducts became so uniformly good,

we lost interest in the smaller group of severe cholangitis in spite

of the fact that our well-developed surgical procedures, successful

in the majority of cases, failed here.

Surgeons are apparently almost powerless in the combat

against all general infections and t^-pes of infection Uke erysipelas

and thrombophlebitis.
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Even the successful surgical therapy of local infection is by
no means satisfactory. Large incisions and free drainage lead to

fixed tendons, ankylosed joints, scar contraction, and peritoneal

adhesions. To cure an infection, by amputation cannot be

looked upon as a great triumph.

It seems strange that after the splendid achievements of

aseptic surgery, the development of anesthesia, the lower opera-

tive mortality and the great improvement of ultimate results, no

surgeon or great surgical chnic could take interest in the smaller

group. Because all of these infections were occurring in civil

practice, and the disastrous results of either death or mutilation

were well known.

Even a careful reading of the Uterature of the Russo-Japanese

War, or of the Balkan wars, or the Boer War, would have allowed

one to foretell what would happen in a greater war in which

artillery predominated over rifles and trenches over open fields.

Von Reyherr, from his experience in the Russo-Japanese War,

advocated the immediate opening of all wounds in the region of

the buttocks, because of his observation that gas-bacillus infection

with emphysema usually developed. Why, therefore, wait for

the chnical manifestations?

In som.e surgical chnics in this country the chief minds are

devoting their attention largely to experimental surgery of a

physiological or technical character, others to pathological

problems, but as yet in this country we have no well-rounded

surgical clinic.

The day has passed when any one surgeon 'can be expert in

everything. The time has come for the large surgical clinics to

encourage the development of single or groups of men in the

different departments, and there should be something more than

an orthopedic, genito-urinary, gynecological, oral, gastro-entero-

logical, and tumor departments. Some surgeons should develop

bacteriology-, others pathology, still others physiological prob-

lems, and there is no reason why some skilled operating surgeon

should not investigate the chemical problems of surgical diseases;

for example, much has been done in the study of the chemistry
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of the thyroid, while practically nothing has been done in the

chemistry of malignant tumors.

All large surgical clinics, especially those connected with

universities, should begin at once to stimulate the younger men
to take up one of these hues of investigation on their entrance

into the clinic. Twenty-five years ago a physician in Phila-

delphia defined a surgeon as a man who worked with his hands,

and an internist as one who worked with his mind. I am confi-

dent that this day has passed.

There is sufficient evidence to show that the surgeon can

acquire and maintain skill in operative technic and still have

ample time to investigate and develop along any one of the

above lines.

The surgeon should not only be his own diagnostician as well

as his own operator, but also his own investigator, and the

different large clinics of this country should attempt to have in

their groups men working and investigating along these different

lines. The surgeons must investigate their own problems.

The internist and all the departments of clinical medicine

have their own problems and they must also develop along

similar lines. This will by no means interfere with the preroga-

tive of the departments of pathology, bacteriology, chemistry, or

physiology.

It is my opinion that we have sent to Europe too many men
interested in and trained for operative work only, and too few

specially fitted for investigating the great problems of surgical

infection.

Although the first title of this paper is "Gas-bacillus Infec-

tion," I found after going over my personal experience which

began in 1895 (Progressive Medicine, December, 1899, P- ^59)

and the literature which I have read carefully since, that the

larger problems of surgical bacteriology could not be forced in

the background, and in addition, in spite of this long and large

experience, and in spite of most careful study of the literature^

I found that I had nothing new to offer that was not well known
to all of you, or easily accessible in the literature of the present war.
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V.R. 76 Ris-Orangis (S. and O.) France)

The research conducted in this laboratory and pubHshed

recently^ has led to the conception of gas gangrene which is

here presented. The treatment which this conception indicates

is also suggested.

The condition usually meant by the term '"gaseous gangrene"

may be defined as Uie death of an extensive mass of musele by the

.mechanical action of gas produced from a local focus by saprophytic

bacteria. The substances from which the gas is formed are chiefly

the carbohydrate-containing tissues; hence muscle is the tissue

primarily involved. The organism is, with rare exceptions, the

B. aerogenes capsulatus of Welch (B. perfringens)

.

In a previous paper we have discussed the stages through which

a gaseous infection may pass. The first stage we have termed

^'dormant;" it represents the condition present in the majority

•of fresh wounds. We have reported finding the bacillus in 70

per cent, of all wounds examined bacteriologically at a general

military hospital and in a greater frequency in wounds examined

' A detailed account of some of the points discussed here is to be found in

the following articles: (i) The Use of Quinine in the Treatment of E.xperi-

mental Gaseous Gangrene, Lancet, September 4, 1915, p. 538; (2) The Use of

Quinine Hydrochloride Solution as a Dressing for Infected Wounds, British

Medical Journal, December 25, 1915, p. 923; (3) Factors Responsible for

Gaseous Gangrene, Lancet, Januarj^ 15, 1916, p. 123; (4) Observations on the

Pathology and Bacteriology of Gas Gangrene, Journal of Pathology and Bacte-

riology, April, 1916.
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within the first few days of injury. In the first stage the bac-

teria are present in the remnants of dead muscle tissue. Gas

may be apparent in the depths of the wound.

The second stage we have termed that of gaseous distention.

This is marked by a gaseous infiltration of the healthy tissue

with retention of gas and consequent sustained pressure. A
rapid increase in intramuscular pressure may quickly deprive

the tissues of blood until the muscle appears as if wrung dry

of fluids, and the condition of gangrene supervenes.

The process may then pass into the explosive stage and pro-

gress rapidly, due to the invasion of the gangrenous muscles

by the bacilli. This in turn is accompanied or soon followed by

the stage of systemic toxemia, collapse and death. In rare

instances a stage of terminal bacteremia is reached.

From the stand-point of treatment a study of the conditions

which determine an extension of the process from stage i to

stage 2 is clearly most important. It is against these conditions

that treatment must be directed. After gaseous distention has

occurred the problem becomes immediately much more compli-

cated. Many different factors suggested by others tp account

for the transition from the dormant stage into that of gaseous

distention are insufficient to explain the sudden change.

1. It has been suggested that we are dealing with several

different organisms. There appears, however, to be one distinct

species—the B. aerogenes capsulatus—which is responsible for

nearly all the cases of gas gangrene. It is easily identified by

its morphological and cultural characteristics. Other gas-

producing organisms (with the exception of the B. malignans

oedematis) have not been seen to produce extensive lesions in

the muscles. The B. malignans oedematis is not often, if ever,

the cause of extensive gaseous phlegmons, although it is not

rare in the wound itself. The frequent occurrence of subcutane-

ous edema associated with muscle distention is probably caused

by the obstruction of the deep lymphatics and veins due to the

increased intramuscular pressure.

2. It has been suggested that variation in virulence explains

Am Surg 9
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the different forms of infection seen in the patients. All strains

of the B. aerogenes capsulatus appear to be almost equally viru-

lent for animals and no relationship can be established between

the severity of the human infection and the strain of the organism

or its virulence for animals.

3. It has been suggested that invasion of the blood is respon-

sible for the malignant type of the disease. Metastasis, however,

is almost unknown and the presence of the bacillus in the blood

very rarely to be demonstrated during life.

4. It has been suggested that absorption of soluble toxic

products of the bacteria breaks down the natural immunity of

the patient. The "exotoxin" is of only slight toxicity. Sys-

temic toxic reactions from a local limited focus are slight.

Symptoms of toxemia occur only when a very large mass of

muscle tissue has been destroyed by the gas; then the putre-

factive and autolytic colhquative necrosis induces rapid and pro-

found toxic symptoms. The real action of the toxic principle

is, we believe, that of converting healthy muscle tissue adjacent

to the wound into a favorable medium for growth and gas

production by the bacteria.

5. It has been suggested that certain individuals fail to react

to the infection while others develop a prompt immunity.

Active immunity must very rarely be established in any case

because the extension of the process when it occurs generally

follows too quickly after the infection to allow time for the pro-

duction of antibodies. Furthermore, as bacterial activity is

chiefly limited to detached or necrotic tissues no prompt sys-

temic reaction is likely to result. No immune reactions could be

demonstrated in the sera of animals or men who had recovered

from the infection or received prophylactic gas-bacillus vaccine.

The bacillus is rarely phagocytosed in the wound. No increased

resistance could be demonstrated even in animals which had

recovered from a previous infection. Guinea-pigs show no varia-

tion in individual susceptibility to experimental inoculation.

6. It has been frequently suggested that injury and throm-

bosis of important bloodvessels cause the rapid invasion of the
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bacteria. Thrombosis of large vessels has been found in com-

paratively few of our cases coming to autopsy (3 out of 19),

and was then probably a secondary result of the gaseous dis-

tention and not the cause of the trouble. Ligature of the main

artery to a limb probably brings about the death of the tissues

through anemia and allows of the rapid extension of the process

in much the same manner as the gaseous distention.

7. It has been suggested that toxicity of the gas causes rapid

necrosis of the tissues and the spread of the infection. We have

shown the gas to be non-toxic to guinea-pigs.

8. Frequently s>Tnbiotic relationship between the gas bacillus

and certain other organisms has been credited with determining

a malignant infection. There is no constant similarity between

the flora of the various cases of gas gangrene.

The foregoing factors can probably be excluded as causative.

Therefore we must look to certain conditions in the wound to

find the factors determining the development of a malignant

condition.

In order for the infection in the dormant stage to result in

gangrene in the stage of gaseous distention two conditions seem

to be necessary: first, a continuous production of gas in the

wound and, second, sustained pressure within a muscle mass

following its infiltration and distention by the gas formed.

I. The continuous gas production depends on an adequate

supply of dead muscle. The wound must provide this for the

establishment of the saprophyte in an anaerobic medium favor-

able for its initial multiplication and production of gas and toxin.

Wounds made by fragments of shell and shrapnel with high

velocity are especially likely to produce this condition by reason

of their explosive effect on the semifluid muscle mass in addition

to the tearing action and the consequent separation of fragments

of muscle from their blood supply. When bones are struck the

ragged splinters accomplish the result even more effectively.

The activity of the bacteria is limited almost invariably to

muscle. Subcutaneous infections in animals are comparatively

difficult to produce, and the invasion of the subcutaneous tissues
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by the bacteria rare in man. When it occurs it is usually in the

region of the scalp or scrotum where the skin is comparatively

rich in muscle tissue. The area of subcutaneous crepitus is not,

however, an indication of the extent of the infection but is

usually merely the evidence of the escape of gas from the muscles

involved; it is generally after extensive damage to the deep

muscle primarily invaded and exudation into the subcutaneous

tissue of the products of muscle degeneration that the bacteria

are to be found grouing and producing gas in this location.

2. Sustained pressure within a muscle mass depends on reten-

tion by intact muscle sheaths by the gas produced, and by the

occlusion of the avenues of escape due to the local swelling of

the muscle fibers in response to the inflammatory reaction.

The structure of muscle permits an easy infiltration of gas between

and parallel to the fiber bundles. The same arrangement of fibers

makes its escape correspondingly difficult except in a longitudinal

direction, and this outlet is frequently blocked by the bulging

of the fibers into the wound. This blocking of the avenues of

escape for the gas is favored by various conditions. It is

especially apt to occur when fracture of a long bone is present.

This deprives the muscles of their splint, which would otherwise

allow the longitudinal contraction of the cut fibers to tend to

keep the wound open. When a fractiire occurs the contraction

of the muscles closes the wound more firmly by allowing of lateral

bulging. It follows, therefore, that an infected fracture is more

easily drained of gas and pus when held in extension than before

traction is applied.

Treatment. If the above conclusions are correct and the

transition from the first or "dormant" stage is dependent on the

two factors- the presence of muscle debris and obstruction to

the escape of the products of the bacteria growing in this debris

—the treatment of such gaseous infection becomes clearly indi-

cated. It consists in:

1. Prophylactic treatment during the dormant stage.

2. Treatment during the stage of gaseous distention.

3. Treatment of accomplished gangrene.
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Prophylactic Treatment during the Dormant Stage. This must

include, first, an attempt toward the removal or destruction of

the bacteria present in the wound and taking away of its neces-

sary soil, the dead muscle; second, the institution of precautionary

measures against the occurrence of gaseous distention. Time is

an important factor. The shorter the interval between injury and

treatment, the more certain is a successful result. Thorough

cleansing of the fresh wound is necessary, including the removal

of all foreign bodies possible. (Under "foreign bodies " we include

dirt, fragments of cloth, fragments of bone, and also any portions

of muscle showing signs of necrosis.) Following the cleansing of

the wound the use of an antiseptic active against the gas bacillus

is clearly indicated. For this purpose we have found a i per

cent, solution of quinine hydrochloride to be effective clinically.

It proves experimentally, in vitro and in animals, to be much

more active against the organism than any other solution we

have tried.

In connection with the antiseptic treatment as far as it relates

to the gas bacilli, it may be mentioned that certain solutions

in common use show little bactericidal power against this organ-

ism in vitro. Potassium permanganate and hydrogen peroxide

show no activity unless used in very large amounts, and then

only temporarily inhibit the growth of the cultures. It is useless

to attempt to produce an aerobic condition in a piece of necrotic

tissue. Carbohc acid and hypochlorite solutions stimulate the

growth of the organism in vitro when present in weak concen-

trations. Furthermore, the bacillus grows readily in a medium

containing as much as 2 per cent, of carbolic acid or 50 per cent,

of Dakin's solution. The use of sugar solutions for dressings

should be looked upon as dangerous, as they supply one of the

necessary factors, a carbohydrate, for the active production of

gas by the bacilli.

The subcutaneous injection of oxygen cannot reach the focus

of infection, which is in the muscle, and it probably serves only

to increase the tension of the muscles and interfere with the

circulation of the parts. Moreover, it is sure to give an erro-
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neous idea of the extent of the gas formed by the bacteria, and so

confuse the cHnical picture.

The use of antisera and vaccines is of doubtful value if we

consider the organism as a saprophyte which has not invaded

living tissues, and the damage done to the tissues as of a

mechanical nature. It is also very uncertain that the muscle

toxic, hemolytic principle formed by the bacteria is a true soluble

exotoxin for which an antitoxic serum can be produced.

The use of the cautery appears to have no logical basis, and

late results of the treatment, as far as we have observed, seems

merely to indicate that it furnishes foci for certain pyogenic

infections of the tissue damaged by the heat.

In order to avoid the accident of gaseous distention, the fol-

lowing points must be considered. The wound should be kept

as widely open as possible by means of a loose pack of gauze

soaked in some wet dressing, preferably the quinine solution

mentioned above. Any form of bandage or spHnt which increases

pressure in the neighborhood of the wound or blocks the escape

of gas, such as tight circular bandages, circular plaster casts,

and so forth, must be avoided. The circular bandage bound

tightly about a limb containing a fresh wound is undoubtedly

frequently responsible for the development of gas gangrene.

Wherever possible a gauze pad should be substituted and fixed

in position by adhesive tape instead of by a circular bandage.

Where fractures of the long bone are present the limb should

be put in extension as soon as 'possible in order to keep the

wound wide open. These points are especially important during

the period of transportation of the wounded man.

Treahnent during the Stage of Gaseous Distention. Cases in

this stage are frequently being subjected to a rapidly increasing

intramuscular pressure. This pressure may speedily result in

the production of the death of the muscle. Therefore every

effort should be made to recognize the first signs of distention

and to relieve the pressure at the earliest possible moment. The

longitudinal arrangement of the fibers composing the muscle

makes it difficult to release the gaseous pressure by longitudinal
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incisions, and it is necessary to make a larger number of such

incisions than for the release of fluid. An attempt should be

made to discover the focus of necrotic tissue where the active

gas production is going on and to remove the necrotic portions.

The incisions should be dressed in a similar manner to that

described for the wounds during the dormant stage. Irrigation

may also be practised if desired with o. i per cent, quinine hydro-

chloride solution in physiological saline.

The Treatment of Gangrene. If incisions into the muscle show

a pale, dry. dull, pink surface, and a consistency as if wrung

dry of blood and lymph, the condition of gangrene is probably

accomplished. The dead muscle is then a great menace to the

patient, firstly because it will speedily become an active source of

gas production by the rapid invasion of the bacilli and, secondly,

because the products of autolysis of a large mass of tissue may
of themselves produce a profound toxemia. Muscle in this

condition will never regain its vitaUty. If the patient lives it

will be found to slough out in large fragments, sometimes as an

entire muscle. The treatment then indicated is to remove the

gangrenous tissue as quickly and as thoroughly as possible.

This can usually be done only by amputation if the process

is in an extremity. No attempt should be made to cover the

stump with skin flaps. The transverse section of the muscle

fibers allows of free drainage of gas and unless extensive necrosis

has occurred in the muscle tissues remaining the process is fre-

quently checked. The presence of subcutaneous crepitus above

the possible limit of amputation, and c\ en the presence of muscle

involvement above that line does not mean that the process

will continue after the operation.

Summary. We believe that the gas bacillus can be considered

in its usual form as a pure saprophyte, and that the occurrence

of gas gangrene should be regarded as the result of the mechanical

accident of gaseous distention. We believe that, like tetanus,

it is a preventable disease. The bacillus resembles that of tetanus

in its frequent occurrence in cultivated soil, its need for anae-

robic conditions which determine its saprophytic nature, and its
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need for a local focus of necrotic tissue in order to become a

danger to its host. It diflfers from the tetanus bacilli in that with

the latter the toxin is the active factor while with the gas bacillus

the mechanical action of the gas is the chief thing to be considered.

As in the case of tetanus, all fresh wounds should he considered

as potentially malignant, and all available prophylactic measures

should be applied routinely. We would suggest the routine use

of quinine dressings as perhaps more nearly specific than any

other antiseptic. Its use is especially indicated during the first

few days after injury.

Special regard should be given to any factors which may com-

press the limb or interfere with free drainage of gas from the

wound, particularly during the dangerous period of transpor-

tation.

I take pleasure in acknowledging my indebtedness to Dr.

Joseph A. Blake for his kindness in criticising this paper.



COMPARATIVE \ALUE OF THE ^lETHODS OF
TREATING TETANUS

By CHARLES LAXGDOX GIBSOX, M.D.

NEW YORK

This study will not deal with (i) the prophylactic treatment of

tetanus, (2) the surgical treatment of the wound or condition

underlying the tetanus, (3) the general sedative treatment.

The omission of these subjects is not due to any lack of recog-

nition of their importance or necessity; but for the sake of brevity

it is assumed that the last two requirements will be carried out

as thoroughly as feasible.

My personal experience in the treatment of tetanus is limited

to 8 cases. Three cases died while 5 survived. Of these, the

first 2 fatal cases did not have the benefit of the more modern

or radical methods, whereas the last 6 are characterized by having

received antitoxin intraspinally. Of these 6 cases so treated

since 1907 only i died, a miOrtality of 17 per cent. The following

is a history of the cases and I add i treated by my colleague,

Dr. J. C. Roper, on the First Medical Division of the New

York Hospital which he has kindly allowed me to utilize

:

Case I.—Sarah B. Previous operation by me for ovarian

cyst. Convalescence normal. Operation at the General

Memorial Hospital September 5, 1902, for similar condition.

Convalescence normal up to September 16, wound healed by

primary union. That day pain in shoulder and back developed

with pain and stiffness in masseters. September 17, 20 c.c.

of tetanus antitoxin was administered subcutaneously every

six hours. There was general muscular twitching. From Sep-
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tember 17 to day of death, September 23, patient kept quiet

with morphin. Muscular rigidity general, most pronounced

along spine. Masseters. relaxed after 40 c.c. of tetanus anti-

toxin had been given. There is no definite record of the exact

amount of antitoxin given or its equivalent in units. Incuba-

tion not known. If infect'on began at time of operation, it

would be eleven days; if it were due to liberation of tetanus

organisms contained in the catgut, allowance would have to

be made for the disintegration of the catgut. Antemortem

temperature 109.8°. Tetanus developing after an abdominal

operation rarely, if ever, recovers.

Case II.—John E. Policeman. Admitted to St. Luke's

Hospital January 28. 1905. Died in twenty-four hours.

Present History. In attempting to stop runaway horse was

thrown to the ground cutting little linger of right hand. (Exact

date of incubation unknown, but very acute.)

Chief Complaint. Irrational, convulsions.

Physical Examination. Head drawn back and neck and back

rigid. Jaws fixed. Arms and legs are stiff. On dorsal aspect

of terminal phalanx of right little finger there is a lateral

wound.

Operation. Amputation of little finger. Exposure of brachial

plexus and injection of 20 c.c. of tetanus antitoxin into nerves.

Wound left open for future similar injections. Shortly after

operation patient had slight convulsive contraction aft'ecting

entire body. At 1.45 a.m.. January 29, severe convulsion.

Patient very cyanotic. 9.45 a.m., dressing removed. 20 c.c.

of tetanus antitoxin injected into axillary nerves. 11 a.m.,

severe muscular contraction; patient died.

Case III.—Joseph G., aged forty years. Admitted to

Hudson Street Hospital May 28, 1907. Discharged June 23.

1907. One week before admission while at work, patient caught

right hand in a press causing a severe compound fracture of the

tip of right thumb and right index finger. Index finger was

amputated at the metacarpal phalangeal joint, the operation

being done in the Dispensary. Patient returned daily for
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dressings and was apparently improving when on day of admis-

sion complained of stiff jaw, being unable to open mouth more

than ^ inch. On May 29 right brachial plexus was exposed under

a general anesthetic and 60 c.c. of tetanus antitoxin injected into

nerve sheath. On May 31 two 20 c.c. doses of tetanus antitoxin

were injected intravenously. Still marked rigidity of muscles

of cheeks, neck, and back. These injections were repeated on

June I. On June 2. still marked rigidity of back and thighs.

Patient had involuntary spasms of muscles of thigh causing

him much pain. These spasms involved all muscles of lower

extremities. Patient was not incontinent at any time. Did

not suffer with retention. Could move forearm freely but

movements of right shoulder, less free, gave some discomfort.

From June 3 to 11, 20 c.c. of antitoxin injected intravenously

daily (except June 6, 8, and 10). On June 12 there was marked

improvement. Muscles of cheek, neck and back less irritable

and spastic. Thighs still rigid on slight palpation. On June

15 condition was much better. There was less rigidity in thigh

and patient could open mouth better, and could flex knees and

thighs. Discharged cured June 23. Total amount of antitoxin

260 c.c. or 19,500 units (Xew York City Board of Health).

Incubation unknown.

Case IV.—Edward Mc, aged thirty-four years. Admitted

to Hudson Street Hospital June 10, 1908. Discharged July

2, 1908. Incubation not known. About one year ago ulcer

broke out on right leg.. It has been healed up twice but recurred.

Slept last night in park. Felt all right when he went to sleep

but when he awoke this morning legs felt stiff and numb as ''if

asleep." Sat awhile to rest them and when he started away he

fell and because of stiffness of his legs and thighs was unable to

rise. Found by ambulance surgeon doubled up on the curb-

stone. During the day he has had no pain but every time he

has endeavored to stand his legs would cramp and the muscles

become tense and hard, also his pectoral muscles would cramp

from time to t'me. He thinks that for the past two days he has

had difficulty in swallowing. He had nothing to eat all day
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today so did not notice anything the matter with his jaws. On

June II, 1500 units of tetanus antitoxin injected intravenously.

Two later doses of 1500 units each. He received daily there-

after till June 17, 1500 units of antitoxin (Board of Health)

subcutaneously and 1500 units intravenously. June 18 and 19

the 3000 units were all given subcutaneously. On June 23

patient was considered cured and he was discharged June 30 in

excellent condition. Total amount of antitoxin 34,500 units;

15,000 units intravenously, 19,500 subcutaneously.

Case V.—John F., aged four years. Admitted to St. Luke's

Hospital April i, 1909. Died April 11, 1909. Run over by

street car and was dragged for some distance, wheels passing

over left foot. Foot severely. lacerated, all the phalanges crushed

and traumatically amputated. Both femora fractured. On
April 6 amputation at the lower third of leg. April 8, 11.45

a.m., signs of tetanus first appeared. 7 p.m., 600 units of tetanus

antitoxin were given intravenously. At 9.15 p.m. under chloro-

form anesthesia, anterior crural nerve of left thigh and its three

branches exposed. Nerve sheath injected with 150 units of

tetanus antitoxin. Sciatic nerve on left side exposed and sheath

injected with 150 units. April 9, 1500 units of antitoxin injected

in abdominal wall. Patient unable to open jaws at all. At

midnight TTlvij given in anterior crural and sciatic nerves.

April 10, 1500 units injected in abdominal w^all (9.30 a.m.); i2M.,

TUvij tetanus antitoxin injected in sheath of anterior crural

nerve in left side and sheath of sciatic nerve; 8.30 p.m., 500

units of tetanus antitoxin injected intravenously; 10.45 p-m.,

800 units of tetanus antitoxin injected into abdominal wall.

Patient died April 11, at 7 a.m. Incubation seven days.

Case VI.—Thomas B., aged thirty-two years. Admitted to

the New York Hospital April i, 1914. Discharged April 30,

19 14. Incubation ten days. On day of admission patient was

caught between train and foundation wall at Pennsylvania

Station. Extensive laceration and traumatic amputation of

all toes of right foot. Two days after admission toes were

amputated. Ten days after admission (eight days after opera-
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tion) first signs of tetanus—^stiffness of jaws. Antitoxin treat-

ment begun at once. It consisted of the following:



142 GIBSON: METHODS OF TREATING TETANUS

104° next day but on the 15 th all symptoms abated and he

improved rapidly. On the 19th he could open his mouth nearly

normally and was discharged October 24, rapidly gaining in

strength, with all tetanic symptoms and signs entirely gone.

Summary of Antitoxin Treatment
Intraspinal, Intravenous,

units.

October 9 3000

October 10

October 13 5000

Total, 28,500 units.

8000

units.

10,000

9,000

19,000

Subcutaneous
units.

1500

1500

Case VIII.—Henry S., aged twenty-eight years. Admitted

to the New York Hospital September 5, 19 15. Incubation seven

days. History of having fallen from a tree day before, a distance

of 15 feet, landing with right forearm outstretched. Examination

shows compound fracture of forearm with low grade of infection.

First signs of tetanus appeared September 11. six days after

admission. Patient could not open his mouth. Under a general

anesthetic 5000 units of tetanus antitoxin were injected intra-

spinally, 10.000 units intravenously and 5000 units subcuta-

neously. Subsequent intraspinal injections done under local

anesthesia. On September 27 condition began to improve.

On October 1 1 could open jaws about one-half normal capacity.

On October 18 all evidence of tetanus had disappeared and he

was discharged October 31 with tetanus cured.

Sept. II

Sept. 12

Sept. 13

Sept. 14

Sept. 15

Sept. 16

Sept. 18

Sept. 19

Sept. 20

Summary of Antitoxin Treatment
Intraspinal, Intravenous, Subcutaneous,

units. units. units.

5.000

4,000

5,000

5.000

5.000

5,000

29,000

Total, 169,000 units.

10,000

10,000

12,000
10,000

15,000

17,000

10,000

10,000

15,000

109,000

5.000

5.000

15,000

1,000

26,000

5000 in vicinity

of ulnar ner%-e.

5000
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This was a very severe case, complicated by a very extensive

and severe compound fracture.

Case IX.—Samuel N., aged twenty-four years. Admitted to

the New York Hospital, service of Dr. J. C. Roper, September 5,

1915. Discharged September 25, 1915. Incubation three days(?).

Patient was cut in palm of hand September 2 (three days

before admission). Wound was dirty but was well cleaned out

and painted with iodin. That evening pain between shoulders

came on and first signs of 'Tockjaw." Since then these symp-

toms have grown steadily worse. On admission neck is very

stiff, both for lateral and anteroposterior movements. Cannot

open teeth more than 1.5 cm. Is unable to swallow. Xo history

of convulsions. Superficial wound about 1.5 cm. long on palm

of left hand. Not tender on pressure—not inflamed. On day

of admission, under local anesthesia, lumbar puncture was

done with injection of 3000 units of tetanus antitoxin intra-

spinally. This was repeated three times (4500, 4500, and

5000 units). After last injection on the 8th he improved steadily.

On the 12th patient was up in chair and was discharged

September 25 in good condition.

Summary of Antitoxin Treatment

Sept. 5

Sept. 6

Sept. 7

Sept. 8

Sept. 9
Sept. 10

Sept. II

15.500 85,000
Total, 100,500 units.

Spinal fluid culture:

Sept. 5. Sterile five days.

Sept. 6. Sterile four days.

Sept. 7. Two spinal fluid cultures in agar tubes—both contaminated-

Staphylococcus alVjus.

Intraspinal,
units.
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be along the lines employed in these last 4 cases; a combination

of intraspinal and intravenous; also at the onset, local injection

at the site of infection With the more radical localization of the

antitoxin in the nerve centres by the intraspinal method it

seems to me unnecessary to make intraneural injections, and

particularly if that procedure requires the administration of a

general anesthetic and the time necessary for the careful dissec-

tion and exposure of the nerves. While the line of treatment

outhned above impresses me most favorably, I reahze that

there are many divergent opinions and that it is dangerous to

draw conclusions from a hmited number of cases, even though

successful. Statistics regarding the favorable results of any

kind of treatment for tetanus are open to all the objections

attending statistical information. Undoubtedly the cases of

tetanus vary very greatly in their severity. Certain cases

might really be classified as hyperacute and it is doubtful if they

will ever give favorable results. Others are distinctly of a very

mild or chronic t^-pe; sometimes of a recurring tx'pe. Generally

speaking, the period of incubation has a general prognostic

import; that is, short incubations seem to give rise to con-

sistently severe symptoms and vice versa, but even with this

standard as a basis there are a good many sources of error. An
important factor is the severity of the underlying wound or

injury and the kind of treatment it receives or can receive.

For that reason, it is difficult or impossible to make any very

satisfactory deductions from the experience obtained in the

treatment of tetanus by wounds inflicted in war where the

element of infection, surgical treatment and after-care play such

a vital part. Therefore it seems that more logical deductions

can be obtained from observation of cases of tetanus occurring

in civil life. The nature of the remedial agents employed may
also vary greatly, particularly as regards the strength of the

antitoxin. In this country we shall soon have a pretty definite

standard, thanks to the extraordinarily efficient and intelligent

work of standardization of such agents by the United States

Public Health Service and the increasing facihties for obtaining
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reliable preparations of antitoxin manufactured by State and

municipal authorities in conformity with such standards. It

has been shown by a number of observers that many prepara-

tions of tetanus antitoxin, especially those made abroad, vary

tremendously in their strength and composition and it would be

manifestly impossible for a foreigner to utilize the recommenda-

tions contained in this paper without comparing the relative

strength of the preparations at his disposal.

The Standard of Mortality. Broadly speaking, we ought

to be able to establish two periods for our observations; one

before the introduction of any so-called specific treatment, the-

treatment then being Umited to the administration of a sedative

whose necessity has always been recognized. We have two

important statistics covering that era in the mortaUty of tetanus;

during the Civil War 89.3 per cent, and during the Franco-

Prussian War 90 per cent These observations, however, fall

within the pre-antiseptic era. The paper of Ashhurst and John.

American Journal of the Medical Sciences. June, 1913 (which con-

tains the most satisfactory and intelhgent exposition of the subject

up to date), gives a series of 435 cases from 1897 to 1911 con-

tributed by thirteen authprs with a mortality of 66 per cent.

Another and most important factor is the promptness with

which treatment is begun. It is my belief, though quite impos-

sible to state it statistically, that this element is a most important

factor and I recommend breaking all speed laws to carry it out.

We should be fully as prompt as in the treatment of an acute

perforation of the gastro-intestinal tract. In a small proportion

of cases it may be possible to recognize preliminary manifestations

before the disease asserts itself in its classical manifestations.

LocaHzed cramps or twitching of the extremities may be recog-

nized if anticipated. In 20 per cent, of cases it is stated that

trismus is not the first symptom. The recognition of tetanus

bacilU in the wound and the possible development of diagnostic

serum reactions should be of assistance.

Choice of Treatment. The number of remedial measures

suggested is almost infinite. Three stand out today from all

Am Surg lo
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others; namely, antitoxin, magnesium sulphate, and carbolic

acid. Only these three will receive here any serious consideration.

It may be interesting to study the various forms of treatment

now being used in the European War, although a study of results

will have to be deferred till accurate reports can be collected.

Treatment of Tetanus in the Present European War.
One gets the impression that at present (19 16) the amount of

tetanus is not very great notwithstanding that the trench

fighting and the severe cold with its consequent frost-bites

would favor its development. There would seem to be quite a

good deal of tetanus in the early conflict but the increasing

prophylactic treatment with antitoxin seems to be keeping it in

check.

One finds as much diversity in the treatment of tetanus in

military Ufe as in civil and the customs would seem to vary

largely in the various countries.

Treatment of Tetanus in England. The most satisfactory

exposition of the treatment is contained in a little booklet

Memorandum on the Treatment of Injuries in War, Based on

Experience of the Present Campaign, July, 1915, published

by the Royal Army Medical Corps. It is given in full, as it

seems to be the best single comment on the methoJs available.

It will be noted that the administration of tetanus antitoxin,

and particularly the intraspinal method, is the method of choice

:

"Tetanus. The heavily manured soil of the districts in

which fighting has occurred frequently contains the spores of

tetanus bacilli; these, in many wounds, are driven deep into the

tissues and may find there the anaerobic conditions suitable for

their development. Should the bacilli establish themselves in

such a wound they give rise to toxins which have a great affinity

for nervous tissues and produce the well-known symptoms of

the disease.

" Prevention. A. General Measiires. The steps advocated

in other parts of this pamphlet for the cleaning, dressing and

drainage of freshly received wounds as well as for their appro-

priate surgical treatment, with a view to minimizing the risks
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of sepsis, are those which, if fully carried out, will also minimize

the risk of tetanus. They need not, therefore, be further

described here.

" B. Special Measures. These resolve themselves into the

prophylactic use of tetanus antitoxin, a proceeding of wtII-

established value.

''Prophylactic Use of Tetanus Antitoxin. Since in the first two

months of the war more cases of tetanus occurred than had been

anticipated, either by ourselves or our Allies, it was decided to

direct that a preventive dose of serum should be given to every

wounded man, in place of leaving this, as had been done at first,

to the discretion of the medical officer. The results have been

excellent and, in the last six months, there have only been 36

cases of the disease among those who received a preventive dose

of serum within twenty-four hours of being wounded. That

this is not due to the possible absence of the cause of infection

from the soil is clear from the following facts: (i) Bacteriological

examination of the wounds has often proved the presence of

tetanus bacilli, although no tetanic symptoms have followed.

(2) Many instances of slight trismus, or of localized tetanic

spasms of a muscle or a group of muscles, have been reported,

without the subsequent development of generalized tetanus.

(3) Thirty-four cases of severe tetanus have been reported in this

period among the very small fraction of wounded men who, for

one reason or another, had not received a preventive dose of the

serum within twenty-four hours. (4) A considerable number of

wounded horses continue to develop the disease.

'"The general use of preventive inoculation of the serum has also

had an effect on the severity of the symptoms, if, in spite of the

preventive dose, the disease should subsequently develop. For

example, of the 34 cases mentioned above, which did not have a

preventive dose within twenty-four hours, 32 died, a case-mortal-

ity of 94.1 per cent.; whereas of the 36 cases which occurred

among the enormously larger class of wounded who had received

a preventive dose, 28 died, a case-mortaUty of 77.7 per cent.

" The preventive dose of 500 units should be given subcuta-
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neously at a distance from the wound at the earliest possible

moment and the fact of inoculation, as well as the size of the

dose, should invariably be recorded on the 'tally.' In severe

wounds medical officers not infrequently give 1500 units; there

is no objection to this, but at the same time, there is no evidence

that the smaller dose is insufiicient, if given promptly.
' It should be remembered that injuries other than those

caused by bullets or shells may also become infected; several

fatal cases have followed trivial injuries, for which the soldier

did not report sick at the time, and others have followed on the

gangrene due to frost-bite. It would be wise to give a preventive

dose in all instances in which the danger of infection of a wound
with contaminated soil may be presumed to exist.

' Several different preparations of tetanus antitoxin are in

use. These have all been recently tested, and in each case they

were found to contain at least the number of units claimed.

" (The question of Anaphylaxis is dealt with below.)

'"Influence of the Duration of the Inctibation Period on the Severity

oj the Attack. The general experience has been, as was to be

expected, that the shorter the interval between the receipt of

the wound and the appearance of the s}^Tnptoms, the smaller

the chance of recovery. At the same time, cases ha- e recovered

in which the symptoms appeared six days after the wound, and

cases have proved fatal where nineteen days had elapsed. The

average incubation period of 43 fatal cases was 8.83 days, and

that of 26 cases which recovered 11.57 days.

" Treatment when the Disease is Established. A careful

study has been made of 179 cases in which certain particulars

which had been called for were furnished. Of these 179 cases

140 have died, a case-mortaHty of 78.2 per cent. Although this

figure is disappointingly high, it must not be forgotten that the

majorit}' of these cases were also suffering from severe forms of

sepsis, and in a considerable number of them, the reporting

officer stated that the tetanic symptoms had completely sub-

sided under treatment, the patient dying from septicemia,

gangrene, secondary hemorrhage, or other causes.
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"A. Local and Surgical Measures. Steps should be taken to

open up and clean the wound, if this has not already been done,

and the freest possible drainage should be secured. The local

application of strong antiseptics, swabbing with pure carboHc

acid, the free use of hydrogen peroxide, and similar measures,

have been tried, but appear to have had little influence on the

course of the disease. Surgical interference of a grave nature,

such as amputation of a limb, has been carried out in a number

of instances, but such cases have almost always died, though not

necessarily from the severity of the tetanic symptoms.
" B. General Measures. The patient should be kept in a per-

fectly quiet and darkened room, maintained, as far as possible,

at an equable temperature. The avoidance of all external

stimuH, hkely to start a spasm, is to be aimed at, and some

have advocated the bandaging of the eyes, the plugging of the

ears with wool, the placing of the feet of the bed on rubber

disks, etc., with this object in view. It is of great importance

to maintain the strength of the patient by means of adequate

fluid nourishment, given in small quantities at frequent intervals,

and by the rectum if swallowing tends to induce spasm.

'C. The Use of Anesthetics and Sedatives. As regards the

former, chloroform is most commonly used, though ether has

been preferred by some, especially when required for a small

operation or for the dressing of a painful wound. Their value

is well recognized. As sedatives, chloral hydrate, potassium

bromide and morphia are most frequently used for the purpose

of controlling spasm, the first-named being the most valuable.

They are of undoubted value in this direction but do not appear

to modify the course of the disease to any great extent. Too
frequent or too large doses may do harm. Chloretone, in doses

of 30 to 40 grains in olive oil, given by the rectum, has been

well spoken of for the same purpose of controlling spasm.
" D. Carbolic Acid Method. This has been given a trial in a

considerable number of cases, usually in combination with

tetanus antitoxin, but the results have been disappointing. The
dosage must be considerable and the treatment must be kept
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up well into convalescence; in one case a relapse was reported

to have followed its abrupt discontinuance. The following

strengths of carbolic acid have been recommended:

"I. 20 c.c. doses of a I per cent, solution.

"II. 20 minim doses of a 2 per cent, solution.

"III. 2 c.c. doses of a 5 per cent, solution.

" The inoculations are made either subcutaneously or intra-

muscularly every three or four hours, the interval between the

doses being lengthened as the spasms diminish in frequency.

In no case has any local trouble been reported, nor has carboluria

followed even large and frequently repeated doses.

" E. Magnesium Sulphate. Three methods of employing this

drug have been advocated: (a) The subcutaneous inoculation

of doses of 2 c.c. of a 25 per cent, solution, (b) The subcuta-

neous inoculation of large quantities of a more diluted solution,

Greely recommending the injection of a i to 2 per cent, solution

in quantities varying from i pint to i quart every three hours,

according to the severity of the case, (c) The intrathecal method.

For this Philips advises the inoculation of a 25 per cent, solution,

after withdrawing some of the cerebrospinal fluid; i c.c. being

given for each 25 pounds of body weight, corresponding to 5 or

6 c.c. for a man of average size. The head of the bed should be

propped up after the operation. The advocates of this method

claim that it gives relief from pain, controls spasm, and ensures

sleep. It has been used in this war chiefly by the intrathecal

method, but, like carbolic acid, has not proved reUable.

" F. Tetanus antitoxin. This is the only treatment as to the

employment of which there has been anything like general

agreement. It has been used in one form or another in almost

every case, and when cure has resulted it has commonly been

given the credit. Whatever method be employed it is clear that

three general principles must be observed to obtain the best

results. It must be employed at the earliest moment possible;

a dose of 1000 to 1500 units given at a time when there is little

more than a fear that tetanus may develop, may influence the

course of the disease favorablv. It must be given in large
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doses, and these should be frequently repeated until the symp-

toms show definite signs of amelioration. It must be kept up,

although in smaller and less frequent doses, well into convales-

cence, in order to obviate the tendency to relapse.

" The most favorable results appear to have been obtained by

the employment, in the first instance, of the intrathecal com-

bined with the intravenous methods, the subcutaneous method

being used to reinforce the others in the succeeding days, or to

replace them as the symptoms diminish in intensity.

^'Dosage. An initial intrathecal dose of 3000 units followed by

the intravenous injection of doses ranging between 5000 and

20,000 units, according to the severity of the symptoms, has

been reported in many instances to have had a favorable effect.

In severe cases, the intrathecal dose of 3000 units may be repeated

the next day. The subsequent indications as to dosage depend

upon the progress of the case; if this is favorable the above

methods may be supplemented or replaced by the subcutaneous

one, doses of from 5000 to 10,000 units being given every day

or every second day.

^'Anaphylaxis. Symptoms of this grave condition are well

known in animals to follow the administration of a second dose

of the same serum when the lapse of time between the two

doses exceeds ten or tweh^e days. There was some reason to

fear its occurrence in men who had received a preventive dose of

tetanus serum after being wounded, and who, on account of the

development of the disease after an interval of twelve days or

more were given therapeutic doses of the same serum. Again,

a large number of men who have returned to the front after

recovery from a wound are again wounded, and the question

has been raised as to the possible danger of giving another

preventive dose of serum after an interval of some weeks or

months. It is, however, well known that man is much less

sensitive to anaphylaxis than the guinea-pig and the rabbit,

and this has been fully borne out by the experience of the war.

In spite of close inquiries on the subject no certain instance of

true anaphylaxis has been recorded. The few cases which
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have been mentioned in reports have, on investigation, turned

out to be instances of serum-sickness and to have had no grave

results. It does not, therefore, appear to be justifiable to with-

hold the serum in the case of a man wounded for the second

time; at all events, it appears better to run the small and chiefly

theoretical danger of anaphylaxis than the very grave one of

tetanus.

" In cases in which there is reason to fear the occurrence of

anaphylactic shock, various procedures have been recommended

to lessen the danger. The majority of these are "fractional"

methods of administering the serum, a preliminary inoculation

of 2 or 3 drops of the serum being given, in dilution, followed in

five minutes by a dose of 0.5 c.c. If no untow^ard symptoms

result it is said that the full dose may safely be inoculated ten

minutes later. A similar fractional method has been advised if

the intrathecal methods are selected, but there has been no oppor-

tunity of judging of their value. Administration of the serum

under chloroform anesthesia is also said to lessen the danger.

If symptoms of shock should develop, in spite of these precau-

tions, adrenalin has been stated to be useful, given intravenously

in high dilution if the symptoms are urgent, h^-podermically in

less urgent condition in doses of a tew minims of a i to 1000

solution."

Treatment of Tetanus in Italy. Dr. Carlo Savini, of

New York City, who has recently returned from the Italian

war zone, writes under date of October 22, 1915, as follows:

"The consensus of opinion in Italy seems to be very favorable

to the Bacelli treatment of tetanus. It is claimed to give only

17 per cent, mortahty while the symptomatic (or expectant)

and the antitetanic serums treatment give from 50 per cent, to

78 per cent, mortahty.

In the war zone the prophylactic injection of antitetanic serum

is compulsory for all the wounded and I was told that very few

cases of tetanus are found.

The treatment of tetanus is left to the judgment of each

doctor and it is not possible now to state how often the Bacelli

treatment is being used and what the results are.
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In conclusion, in Italy everybody agrees in the prophylactic

value of the serum. In the therapy of tetanus the treatment

of Bacelli seems to be the most favored; next, is the treatment

with injection of magnesium sulphate solution, and last the

treatment with antitetanic serum."

Professor R. Bastianelli writes under date of December 12,1915:

"I am not able to answer satisfactorily your question about

the treatment of tetanus in Italy. The present war has given

ample occasion to collect experience on that argument but the

results are not yet tabulated. Prior to the war, Bacelli's method

was used extensively by us and the reports have been satis-

factory. It is possible, however, that many unfavorable cases

have not been reported. The antitoxic method, either with

Tizzoni's antitoxin or with Behring's serum, has been employed

extensively and so far as I know with rather good results in cases

with late onset and slow course, while in the so-called acute cases

the results have been very poor and in my experience constantly

bad. I have used the serum intravenously and intraspinally

at the same time, giving also large doses of chloral and intra-

muscular injections of magnesium sulphate."

Treatment of Tetanus in France. In France there is also

no distinct line of treatment. October 11, 19 15, Dr. Charles

Walther writes me:

' "I find it dilhcult to give you exact information as I doubt

if there is a single method of treatment of tetanus which is

generally accepted. In addition to the classical treatment by

heat, dark room, administration of chloral, I find there is a

tendency to employ more and more antitetanic serum in large

doses, 40 to 50 to 60 cm. daily "subcutaneously or intravenously.

Intraspinal injections in considerable amounts, between 40 and

60 c.c, every second day, with head and trunk lowered, seem

to have given good results. Personally, I have had a certain

number of successes in the intravenous and subcutaneous injec-

tions of antitoxin in large amounts, particularly of peripharyngeal

injections in the subhyoid region at the base of the tongue.

I believe I was the first, fourteen years ago, to make intra-
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spinal injection of antitetanus serum in a case at the La Pitie

Hospital. I have personally no experience in the use of mag-

nesium sulphate or carbolic acid."

Treatment of Tetanus in Belgium. The treatment most

favored by Dr. Depage when I saw him in February, 19 15, was

the antitetanus toxin but I do not think he ever used it intra-

spinally.

I have not heard directly from the other fronts and can only

surmise as to the methods employed. Stolbnyak in the Russkiy

Vrach, Petrograd, summarized in the Journal of the American

Medical Association, January 15. 1916, page 232:

"The best symptomatic results were obtained with chloral

hydrate, from i to 7 gm. daily given by the mouth or rectum.

For spasmodic contracture of intestines and bladder hypodermic

injection of from 0.5 to i gm. of a pituitary extract gave good

results. Warm baths at 100° F. also proved effectual in symp-

tomatic treatment. No benefit could be detected from treat-

ment with antitetanus serum, intravenous or intraspinal; from

3 per cent, phenol solution: suspensions of pigs' brains; calcium

lactate three times daily in doses of 30 drops of a 10 per cent,

solution, or from magnesium sulphate in h}podermic injections

of from 2 to 14 c.c. of a 25 per cent, solution, or by intraspinal

injection of 15 c.c. of a 10 per cent, solution."

In Germany the treatment seems to be most varied and

includes a number of methods which would seem to have little

but their novelty to recommend them. Molet hght, salvarsan,

ascitic fluid from cured patients, emulsion of pig's brains, intra-

venous injections of ether, etc.

The method which seems to be most in favor is the magnesium

sulphate treatment, particularly when injected into the spinal

canal. Kocher's favorable report on its use seems to be

responsible for its popularity.

Comparative Claims of Antitoxin Treatment. Magnesiltm

Sulphate, and Carbolic Acid. As has been stated before,

it seems quite impossible at present to establish anything like a

statistical investigation with any hope of accurate results.
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Only if very large groups treated under similar conditions should

show marked discrepancy in results would it be safe to draw

any deductions.

The .\ntitoxin Treatment. The antitoxin treatment may

be divided into (a) subcutaneous administration, (b) intravenous,

(c) intraspinal (d) intraneural, (e) intracerebral. The last

method we can dismiss, as it is no longer employed, gave very

bad results, and the other methods promise better.

(a) The subcutaneous method, it is beheved, lacks efficiency

and should be used only as an adjuvant to the other methods.

(b) The intravenous administration is a distinct advance as

regards efficiency and rapidity of results. My belief is, however,

that it should be considered as an accessory rather than the

main line of treatment.

(c) The intraspinal method appeals to me as complying most

with the indications, namely, locating the antitoxin most directly

to the lesion itself. Ashhurst and John have presented con-

clusively the evidence that the toxin of tetanus reaches the

spinal cord by the peripheral nerves. They state that "The

nearer the toxin gets to the spinal cord, the more impregnably

intrenched does it become in the nerve tissue."

It is not easy to determine who was the tirst responsible for the

idea of injecting the antitoxin intraspinally. I find no mention

of it prior to Schultze's article in the Grenzgebiete der Medizin

und Chirurgie.

Personally, I have been much impressed with the evidence

furnished by the experimental work and clinical results of Dr.

W. H. Park and Dr. M. Xicoll, Jr., from the laboratory of the

New York City Board of Health. I may state that in all my
successful cases here reported the treatment has been conducted

entirely on the lines laid down by these gentlemen and with their

advice and cooperation. In the Journal oj the American Medical

Association, June 12, 1915, Xicoll reports 20 cases treated with

the chief reUance on intraspinal injections with 4 deaths. These

cases represent an average severity, were under the care of

different physicians and under varying conditions.
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They recommend (i) from 3000 to 5000 units in the lumbar

region of the spinal canal, preferably under an anesthetic,^ the

volume of fluid injected being brought up to 10 or 15 c.c. by the

addition of sterile or normal saline, the exact amount being

regulated according to the age of the patient and the amount of

spinal fluid withdrawn. (2) 10,000 intravenously at the same

time. (3) Repetition of the intraspinal dose in twenty-four

hours. (4) Subcutaneous dose of 10,000 units three or four

days later.

The above directions may suffice in a case of ordinary severity

but we believe that many cases will have to receive more anti-

toxin intraspinally than the two injections recommended and a

good deal more intravenously. Case VHI received 6 injec-

tions, 29,000 units of antitoxin intraspinally and antitoxin in

other forms up to 169,000 units.

I am inclined to think that in the future we shall use greater

amounts of antitoxin intraspinally and especially in the initial

dose. Dr. Boyd, of Springfield, recently reported a case of a

young child in w^hich treatment was begun at the end of a week,

the child being then apparently moribund. Under an initial

dose of 15,000 units intraspinally the patient made a prompt

response and good recovery. I am inchned to thmk that in

future cases of great severity I shall also begin with as large or

possibly even larger dose.

In a mild case some question may arise as to whether more

than the initial intraspinal dose should be administered. If

improvement becomes manifest at once, the second intraspinal

dose may be well withheld but the antitoxin intravenously should

be administered daily until the improvenient is certain. A
guide to the necessity for antitoxin treatment may be had in

estimating the antitoxic contents of the blood. This procedure,

however, requires the cooperation of an expert worker and is time-

' This recommendation of the author, I think, will be only exceptionally

necessary, e. g., in the case of children. It is important to remember this fact,

as the recommendation to give an anesthetic might deter some from utilizing

this valuable method.—C. L. G.
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consuming and not really necessary. There is probably very

little danger in overdoing the dosage so long as active symptoms

of tetanus are present. The fluid withdrawn from the spinal

canal after the preliminary injection of antitoxin has a milky

tinge but was found in our cases to be quite sterile.

(d) If we accept the value of the intraspinal injection of anti-

toxin, there seems to be little call for intraneural injections which

some fifteen years ago were extensively employed and apparently

with an improvement over the then commonly used methods.

Unless better evidence can be furnished of the value of intra-

neural injections they can be eliminated, for they require the

performance of a formal operation under an anesthetic which in

the patient's grave condition is inadvisable, besides being a

more formidable procedure than the simple injection intraspinally.

If we accept the doctrine that the intraneural injection is super-

fluous, we can also apply this dictum to the amputation of

an extremity.

Magnesiuai Sulphate. This treatment was originated in the

United States by Meltzer and Auer. In the Journal of the

American Medical Association, March 25, 1916, Meltzer writes

of the '-Inhibitory Properties of Magnesium Sulphate and Their

Therapeutic Apphcation in Tetanus." He says:

"The action may appear to some as merely a symptomatic

one; it relieves the convulsion. But even if this would be indeed

its only favorable eftect. it would be of inestimable value, since

the suffering in tetanus and the fatal outcome of this horrible

disease is nearly exclusively due to the consequences of the tetanic

symptoms. And I may assert that no other remedy is capable

of relieving the furious symptoms to such a satisfactory degree

as do the injections of magnesium sulphate."

Magnesium sulphate can be administered intraspinally. sub-

cutaneously, intravenously, intramuscularly plus ether inhalation.

Meltzer summarizes the treatment as follows:

"The best general plan for treatment of tetanus would seem

to be as follows:

" In each and everv case of tetanus, 1.2 c.c. of a 25 per cent.
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solution of magnesium sulphate should be given by subcutaneous

injection three or four times a day throughout the entire disease.

'' When the disease is complicated by severe tetanic attacks,

I c.c. of a 25 per cent, solution for every 10 kg. (20 pounds) body

weight (in adults) should be given by the intraspinal method.
" When the disease is attended by immediately dangerous

tetanic complications, from 2 to 3 c.c. per minute of a 6 per

cent, solution of magnesium salts should be given then by an

intravenous injection until dangerous symptoms subside or the

respiration becomes shallow or too slow.

" When the respiration seems to become impaired in conse-

quence of the administration of magnesium salt by the intj;a-

venous, intramuscular or subcutaneous methods, calcium chloride

should be injected in the manner described above.

''It is advisable to have at hand an apparatus of intra-

pharyngeal insuiHation ready for use whenever the respiration

becomes slow or shallow.

" Finally, the simultaneous treatment by an titetanic serum

should not be neglected."

No statistics are given in support of the success of this method

of treatment. Reference is made to a favorable report by

Kocher.

This treatment was employed at the time of its development

in New York City; but the general impression is that it has too

many dangers and drawbacks per sc, particularly in paralyzing

the respiration. Its intraspinal administration undoubtedly

checks the convulsions more speedily than any other method.

I should prefer, however, to substitute for it the inhalation of

a general anesthetic to a very slight degree as used to be done

fifty years ago.

The method was employed quite a little following Meltzer and

Auer's original description. Of late there seems to have been

little attempt to use it in America, but in the present war it

seems to stand out as prominently as any one method in

Germany and to some extent in other countries.

Cloetta {Correspondenz-Blatt f. schweizer Aerzte, 1915. No. 3)
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warns against the use of magnesium sulphate and notes its

resemblance to the action of curare which was used in tetanus

fifty years ago.

Carbolic Acid Treatment. This treatment was initiated by

Bacelli, according to Ashhurst and John, in 1888. The mortahty

claimed for it is the lowest of all, 17 per cent. It seems remark-

able that it has not come into more general use especially in

America. It is administered, according to Ashhurst and John,

I c.c, I per cent, solution, every few hours, preferably into the

muscles along the spine, until 80 or 100 eg. are given in twenty-

four hours.

Sainton, Journal de Chirurgie, September, 1915, reports 22

cases of tetanus treated in the French Army Hospitals by the

Bacelli method with 16 deaths. This is not a very favorable show-

ing for the method but there must be remembered the difficulties

of estimating the results of subjects wounded and treated under

war conditions.

SuM^L\RY OF Proposed Choice of Treatment. As I have

stated before, it is presumed that the wound treatment will be

that suitable to the injury and particularly to the most efficient

form of drainage and Uberation of sloughs, removal of foreign

bodies, etc., that may harbor tetanus germs or favor their

development. I doubt if today we are justified in performing

an amputation for the rehef of tetanic manifestations, as in the

intraspinal administration we have gone a step further in effi-

ciency. Likewise, I will omit the questions of nursing and the

use of sedatives. One sedative, however, should be alluded to,

as it has been thought to have curative qualities per se, namely,

the chloretone treatment advocated by Hutchings {Annals of

Surgery, vol. 1).

I should also be inclined to make a trial of atropin as a method

of controlling spasm, as this drug has lately impressed me greatly

in the treatment of spasmodic contraction of the pylorus.

Antitoxin treatment should be begun immediately on sus-

picion of tetanus developing rather than waiting for the classical

symptoms. If this principle is firmly established, I believe we
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shall have done much to lessen the dangers of the disease.

Antitoxin should be given at once, first into the wound or region

of the wound, say 1500 units; intraspinally, without an anesthetic,

unless the treatment of the wound calls for the administration of

a general anesthetic, 5000 to 20,000 units. In the course of the

first twenty-four hours, in addition to the above, 10,000 to 20,000

units should be administered intravenously in divided doses, say

two or three. Antitoxin intravenously, from 5000 to 15,000

units should be given next day no matter whether the symptoms

remit or increase. On the third day if, not withstanding the

treatment, the patient's symptoms continue very severe or

appear worse, the intraspinal treatment should be repeated.

The intraspinal, of course,,gives temporary increase of symptoms

and steep elevation of temperature, but this fact need not of

itself cause alarm. If, after this treatment, the patient holds his

own or improves, the intraspinal need not be repeated but the

daily injection of antitoxin intravenously should be given until

obvious remission or cure results.

The severity of the cases will, of course, vary and the resulting

treatment will depend on this factor. Attention is called to

Case VIII who received a total of 169,000 units which included

29,000 units given intraspinally in six sessions. In this case,

daily, although I doubt if this frequency is often indicated.

The series of cases I have reported is, of course, small and I

am fully aware of the dangers of deducing results from such small

material. On the other hand, I have the impression, though I

find it hard to put it into words, although many of these

cases were of the severest t\pe and very ill, that we had particu-

larly in the intraspinal method, complete control of the situa-

tion. With this feehng of confidence, therefore. I should hesitate

to oft'er any other method of treatment until there is better

evidence of the superiority of such methods.



A FURTHER NOTE OX ETIOLOGY OF
SURGIC\L SCARLATINA

By JOHN B. ROBERTS. M.D.
PHILADELPHIA

Ix my note last year on the "Etiology of Postoperative or

Wound Scarlet Fever" is recorded my belief that true scarla-

tina occurs sometimes by introduction of the infecting agent

through a breach in the skin instead of by the usual faucial or

nasal route. My suggestion was that the reason no microorganism

had been proved to be the specific agent of infection was probably

its ultramicroscopic size and filterable nature. I also suggested

that the anginose affection termed scarlet fever might cover

more than one specific infection.

Closer acquaintance with bacterial and protozoan causes of

disease has recently proved the existence of infecting agents,

which produce similar but not identical complexus of symptoms,

much to the confusion of medical nomenclature.

It is not dithcuit to accept the possibility of the scarlatina

infection reaching the blood of men through cutaneous wounds

if one recalls that tuberculosis and diphtheria sometimes pre-

sent instances of this method of entrance, though scientific

acquaintance with these morbific agents was recognized originally

through diseases of the respiratory tract alone.

An exhaustive study by Alice Hamilton at the Memorial

Institute for Infectious Diseases in Chicago, about a dozen

years ago (1904), led her to the opinion that there was no con-

vincing proof that the so-called surgical or wound scarlatina

was anything more than typical scarlatina happening as a

Am Sur^ ii
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coincidence in a patient previously wounded. She believed that

in many reported cases the condition was not scarlatina at all,

but a septic process due to failure to maintain an aseptic course

during the wound convalescence.

McCarty's paper, published in 1Q14, records 43 postoperative

eruptions in 1000 consecutive operations. After rejecting tran-

sient rashes, such as those due to general anesthesia and those

which appear within forty-eight hours, he studied the eruptions

of sudden onset appearing three to seven days after operation

and lasting from one to seven days. These had in his cases an

average duration of four days. Those beginning on the third

or fourth day were the most severe and of the longest duration.

In these there was no desquamation observed, and in none was

albuminuria or acetonuria found before or after operation, nor

were casts detected in the urine in any patient in whom they

were absent prior to operation.

McCarty thinks his cases show that postoperative eruptions

are comparatively frequent and the underlying cause is a vaso-

motor disturbance, probably due to irritation of the s}Tnpathetic

nervous system. His late-appearing eruptive group would seem

to resemble many of the cases reported as surgical scarlatina.

It is probably true that sepsis or vasomotor influences are the

cause of many cases of so-called postoperative scarlet fever; and

that of the other instances of supposed scarlatinal infection by

a cutaneous atrium, many are simply infections in the ordinary

way of non-immune persons without relation to the existence

of the prior incidental cutaneous wound.

Several investigators have reported a discovery of micro-

organisms which seemed to them scarlet fever's etiological

agent. The evidence, however, has not seemed conclusive to^

those competent to judge of its value. There are so many
varieties of streptococcus, and differentiation thus far has been

so difficult, it seems to me not improbable that the same organ-

ism may, alone or in association with other bacteria, be respon-

sible for several clinical combinations or complexus of s^nnptoms

to which different names have been given.
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The Streptococcus pyogenes so familiar to surgeons and that

termed the Streptococcus erysipelatis may perhaps be merely

different strains of the same organism. Why may not that

deemed to be responsible for the infection of scarlatina be the

same or a close relation? Simple scarlatina is certainly a very

different affair clinically from its so-called malignant form.

Clinicians see what seems to be an association of diphtheria

and scarlatina in the same throat, the symptom-complex is

in many cases attributed to a secondary streptococcus infec-

tion giving in addition to the evidences of the Klebs-Loefffer

bacillus infection symptoms of streptococcus activity. Some
anginose cases have been attributed, and possibly correctly, to

the affection called by surgeons of an earlier period erysipelas.

Is it not possible that palsy sometimes seen after scarlatina

is due after all to the same etiological agent that gives rise to the

secondary palsy of diphtheria? Have not surgeons seen "erysip-

elas" more rife at the time of scarlatina epidemics? I think that

I have, though my personal opinion may be worthless. Indeed,

the very term "erysipelas" should be abandoned as should "can-

cer;" but until the streptococcus family can be better discrimi-

nated it is perhaps well to retain the former term, as it may be to

retain the latter, until malignant disease can be etiologically

understood. Rosenberger has informed me that the antitoxin

of diphtheria has seemed to him to be curative in streptococcus

infection of the throat when no diphtheria bacillus was discov-

ered. Webster Fox has used diphtheria antitoxin satisfactorily

in sympathetic inflammation of the eye.

Returning to the question of wound scarlatina I must refer

to the experimental work of Strickler. of New Jersey, who
about twenty years ago inoculated children with saliva of scarla-

tina patients and produced what he beUeved to be scarlatina.

He was endeavoring to reach a means of immunization. I

do not defend his scientific ardor, but merely state that he

thought he had produced scarlet fever by inoculation through

a wounded skin. It is possible that the sjonptoms were those

of sepsis, but I am inclined to think he really caused by
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them true scarlatina. There are a few cases reported that

seemed to have been definite instances of wound or surgical

scarlatina. One was that of a physician, seemingly immune

through many contacts with scarlatina in professional practice,

who acquired the disease after wounding his hand during an

autopsy of a patient dead from unquestioned scarlet fever.

Several recent etiological studies have been reported by inves-

tigators as holding out hope of the discovery of the organism

causing scarlet fever.

The latest, so far as I know, is that of F. B. Mallory and E. M.

Medlar, of Boston, detailed in the Journal of Medical Research,

March, 1916. The work was done in the pathological laboratory

of the Boston City Hospital. This Gram-positive bacillus,

which is more decidedly Gram-positive than the diphtheria

bacillus, is described and thought by them to be a true Bacillus

scarlatinse. A coincident streptococcus infection often compli-

cated investigation. Mallory years ago thought the cause of

scarlet fever to be protozoan. His interest in the subject con-

tinuing all these years seems to me to add force to the probable

accuracy of his present investigation and to give value to his

opinions.
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GIBSON AND ROBERTS

Dr. S. J. Meltzer, New York.

Dr. Gibson touched briefly upon the treatment of tetanus \\ith

magnesium sulphate. I wish to make a few remarks on this subject.

In the first place, I wish to say that the fatal outcome of tetanus is,

in the vast majority of instances, due exclusively to the predominant

symptoms of this disease, that is, to the clonic and tonic convulsions

and their effects upon the circulatory and respiratory apparatus.

Any remedy, therefore, which can greatly relie\-e these symptoms is

of great importance in the treatment of this disease. On the

basis of my prolonged experimental work with magnesium sulphate

and an extensive study of the clinical literature on the treatment

of tetanus, I say without hesitation that magnesium sulphate

is the best remedy we possess for the relief of the symptoms
of tetanus. I may say further that the study of the earlier and recent

literature on the treatment of tetanus with magnesium sulphate

convinced me that a good many of the writers were not familiar with

some of the details of the pathology of tetanus. For instance, some

writers stated that the injections of magnesium sulphate in tetanus

brought on bronchial and pulmonary troubles, while recent patho-

logical reports of autopsies of cases of tetanus which received no

treatment at all or only serum treatment contain the statement

that in about one-half of the cases purulent bronchitis, broncho-

pneumonias or pulmonary edemas were present. It seems to me that

in the minds of most of the clinicians the action of magnesium sulphate

is firmly connected with its purgative action, and that few do seriously

believe that Epsom salts could have a profound systemic effect. Any
surgical or medical clinician who wishes to use magnesium sulphate

ought first to see in a laboratory its remarkable profound general

effect upon the animal body, and must familiarize himself with the

details of these actions. I shall try to state very briefly some facts

which may have a practical bearing. The chief danger which may
come from the use of magnesium sulphate consists in the possibility

of having a temyjorary paralyzing effect upon the respiratory mechan-

ism. This can be readily overcome by a reliable method of artificial

respiration. If the magnesium salt has been administered subcu-

taneously, intramuscularly, or intravenously when not given in an

excessive dose, the paralytic effect can be rapidly overcome by an

intravenous injection of a comparatively small dose (12 to 18 c.c.) of
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a 2.5 per cent, calcium chloride solution. It seems to be a fact that

in human beings the effects of the magnesium salts can be attained

with smaller doses than in animals. The following seems to me to

be the best plan of treatment of tetanus with magnesium salts. In

every case of tetanus 1.2 c.c. of a 25 per cent, solution of magnesium
sulphate per kilogram of body weight should be gi\-en by subcutaneous

injection four times a day throughout the entire disease. This alone

is incapable of exerting a rapid efifect, but it unmistakably reduces

gradually the clonic and tonic conditions. When the disease is

complicated by severe attacks, i c.c. of a 25 per cent, solution for

every 20 pounds body weight (in adults) should be given by the

intraspinal method. When the disease is attended by immediately

dangerous tetanic complications, for instance, spasm of the pharyn-

geal or laryngeal muscles or of the diaphragm, from 2 to 3 c.c.

per minute of a 6 per cent, solution of magnesium salts should

be given intravenously until the dangerous symptoms subside

or the respiration becomes shallow or too slow. It is advisable

to have an apparatus for intrapharyngeal insufflation (as described by
me elsewhere) ready for use whene\'er the respiration becomes slow

or shallow. I wish to add that while thus treating the patient with

magnesium sulphate, the simultaneous treatment by antitetanic

serum should not be neglected. However, when both methods are

used intraspinally the injections should not be made simultaneously,

on account of the too great intraspinal pressure which they may
produce.

Dr. W. L. Estes, South Bethlehem, Pa.

I ha\-e been very much interested in this discussion on the treatment

of ci\'il wounds, for the reason that accidental circumstances have

brought me in connection with a large amount of this work.

I have always thought it has been very much neglected by teachers

of surgery, but teachers of surgery are here today and I am glad that

they are interested in this matter.

The fault, it seems to rhe, has been with the first treatment of

wounds, as, for instance, unnecessary interference. This matter was

brought out \ery clearly in the paper by Dr. Porter and was also

mentioned by Dr. MacLaren. Nearly all the very se^•ere infections

with which I have had to do have come after some physician has

tried to treat the case, I mean in the way of first aid. One of the

principles which young men seem absolutely to lack, which they have

not been taught in the treatment of wounds, is to keep their fingers

out of the wounds until the fingers and hand have been cleaned.

They do digital explorations along the wayside and in consequence

send a case in infected to its depths. I believe with the reader of
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the paper that unnecessary harshness in the treatment of wounds
should be avoided in practising wound-cleansing methods. I believe

in the use of gauze for scrubbing; in the case of very badly sooted

wounds vdih oil on them, the use of benzine followed by alcohol is

one of the best methods for cleansing the skin; but I deprecate the

adWce given by a certain large company to its physician to "^se a stiflF

brush over the surface and scrub the wound thoroughly." This

advice should be sat upon as strongly as possible. The tissues are

already injured beyond the appreciation of the examiner. Throm-
boses will have occurred, and if these are washed out any microorgan-

ism ^^ill gain deeper entrance than would otherwise be the case.

As to the remo\-al of foreign bodies, I must take issue with the paper.

I think it is very important to remove foreign bodies immediately if

practicable, that is, if their discovery is an easy matter.

With reference to immediate amputations, I have tried both imme-
diate and delayed methods. In a series of some 300 cases in which

amputation was done immediately, no matter what the condition of

the patient, I found a mortality rate something like 50 per cent,

greater than if one waited for the blood-pressure to assume the proper

proportion. I never do a major amputation under 50 mm. of pressure

and usually require over 80 rnm. In the meantime the wound must

be kept without further sepsis, and with proper control of hemor-

rhage. In a number of cases on record of very severe injuries, ampu-
tation following as long as forty hours after admission into the hospital,

there has not been serious sepsis. I would mention one case, the

crush of the whole lower extremity in a child who underwent a hip-

joint amputation forty hours after the injury without serious com-
plications; prompt recovery. In regard to tetanus, I have noticed

more tetanus in the last three years in my practice than in the pre-

ceding twenty years. I wondered if there was any local condition

producing it or if there had been an introduction of it from abroad.

I do not think intensive farming is practised in my vicinity more than

formerly, and yet I have had 25 cases of tetanus in the last three

years. I ha\-e not had so many in the preceding ten years.

I have been struck with what Dr. Gibson said in regard to the too

infrequent use of serum. The initial dose we use intraspinously and
a large dose—for instance, a boy of nine years received 10,000 units

intraspinously, and we increased the quantity until in ten days he"

got about 50,000 units, and this was the only case of acute tetanus

which recovered. I consider the result was due to the very large

doses. Just as we were afraid formerly to give large doses of diph-

theria antitoxin, so now we fear to give too large doses of antitetanic

serum. My impression is that an acute case will stand enormous
doses, and we err in giving too little.
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Dr. a. F. Jonas, Omaha.
Somebody said a great many years ago that the fate of a wound

depended upon its first dressing. In my experience with accidental

surgery covering twenty-five years I have become more and more
impressed with this fact. In the majority of accidents in our railroad

shops and on the lines of the road, the first-aid dressing was usually

made by a co-worker; the first-aid dressing with which the patient

used to come to the surgeon consisted of either a bandanna hand-

}
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SO that wounds when seen by company surgeons were not often

infected. These dressings are to be used only as a protection to the

wound until a surgeon can be called to attend the case. I have

brought with me a standard box that contains suitable materials for

minor injuries, as you will see by the contents. Conductors on every

train and foremen in smaller shops have in their charge such a box\

and in case of accident they are called to attend the case by simply

applying an aseptic pad without any attempt to treat the wound.

Fig. 2.—Accident case used only in case of wrecks.

In the larger shops in which I ha\-e surgical super\ision we have

a surgeon in attendance during working hours. He is located in a

special office building which is situated on the shop grounds. When
injuries occur the patient is immediately taken to the surgeon, where

his wounds are attended to. In smaller shops where there are fewer

men, we have special emergency rooms with a nurse in attendance,^

who will administer first aid and then send the patient to the surgeon

or the hospital if necessary. We have given instructions in first aid

to the employees in order to teach them what to do until the doctor
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comes, and we have endeavored to impress them with the fact that

they are not being taught to treat wounds, but are rather being

instructed how not to treat but to protect them. The result is that

all the old-fashioned applications have disappeared. We have in

this box bandages, and among them a pad which is constructed in

such a manner that the dressing can be put on a wound without the

applicant's fingers touching it at all. On the outside of each pad we
have printed little cuts to show the method of application. The
train conductors receive these boxes just as regularly as their other

train paraphernalia, and are required to report and show their boxes

before taking their trains, regularly, to see that they are kept filled.

At all larger stations we keep a large box containing a sufi&cient amount
of dressings for major accidents occurring on the road, especially in

case of wrecks. We used to keep this box in the station itself, but we
found that the box was systematically robbed by the employees and,

when the contents were wanted for accidents, there were none to be

had.

Therefore we are now using large suitcases (Fig. 2), which are

filled with dressings and deposited in the office of the company
surgeon to be used only for accidents on the road, and they are always

ready when he receives an emergency call.

In the large number of wounds we have to treat we have very

few infections, and e\-en those connected with compound fracture

recover without complications. We believe that the first-aid dress-

ing, as used by us, is largely responsible for this. The harm in

accident cases is often the result of meddlesome first aid. It is my
belief that the less any wound is touched and the less done mth it

during the emergency dressing at the scene of the accident, the more

certain the freedom from wound complications. No attempt to

apply permanent dressings should be made until it can be done under

aseptic environment, and in all major cases the hospital is the place

of choice.

I have here a list of dressings contained in our smaller first-aid

boxes, and I ha\'e here the special emergency pad which I will pass for

your inspection.

Train Accident Box

union p.acific railro.\d co.

Contents. One bottle antiseptic tablets; 2 packages antiseptic

pads; 2 packages absorbent cotton; i package picric acid gauze;

I spool adhesive plaster; i package court plaster; i jar carbolated
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vaselin; i box dusting powder; 4 binder's board splints; i pyramid

pins; I dozen safety pins; 10 roller bandages, assorted sizes; i roll

cotton cloth; i roll absorbent lint; i tourniquet; i scissors.

INSTRUCTIONS FOR DRESSING INJURIES, ETC.

Crushed Wounds or Abrasions. Drop one antiseptic tablet in

a pint of water. Saturate an antiseptic pad. Apply over wound and

fasten with a roller bandage. If the wound is large, apply absorbent

cotton over the antiseptic pad, then roller bandage.

Incised Wounds. Apply dusting powder, then an antiseptic pad.

Over this adhesive plaster in such a manner as to draw edges of the

wound together as much as possible.

Bleeding Wounds. Apply an antiseptic pad to the bleeding

surface, and cover with absorbent cotton, then bind on firmly with

a roller bandage.

Burns. Apply picric acid gauze in the same way as antiseptic pads,

then raise edge of oiled paper and moisten the gauze with water,

then apply absorbent cotton and roller bandage.

Frost-bite. The patient should be put in a cool place, and snow,

or cotton soaked in cold water applied and frequently repeated for

two or three hours.

Fainting. Place patient in recUning posture, allow plenty of

fresh air. Prevent crowding about the patient. Recovery will

occur in few minutes without the use of drugs.

Tourniquet. To be used on arm or leg when there is severe bleed-

ing from a woimd. If after applying over the wound an antiseptic

pad and binding the same fast with a roller bandage the bleeding

does not stop, or if the bleeding is profuse, of a spurting character,

apply the tourniquet above the knee and above the bleeding-point if

leg or foot is bleeding; above the elbow and above the bleeding-

point if a hand or arm is bleeding. Apply the tourniquet only tight

enough to stop the bleeding.

Gauze Bandages. To be used as follows: Narrow for fingers;

medium for hand, foot, or arm; wide for thigh or body.

Court Plaster, for small incisions on the face or hands. Always

moisten the plaster with clean water, never with the tongue.

Binder's Board, to be used for splints as required.

Pins, to be used for fastening bandages.

How TO" Apply an Antiseptic Pad. Tear off one end of the

envelope. Pull out the contents. Unfold the dressing, take hold

with the thumb and forefinger of each edge without touching the

gauze; lay the gauze on the wound, keeping the fingers on the oiled
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paper. The oiled paper is to remain over the gauze as a protective;

over this apply a layer of absorbent cotton and then fasten with a

roller bandage. Avoid touching the gauze or wound with the fingers.

Contents of this box to be used only as a temporary dressing until

a company surgeon can attend to the injury.

Immediately on receipt of an injury, conductor should notify by
telegraph the nearest company surgeon, that he may be in attendance

as soon as possible.

Conductors should examine accident boxes frequently, and when
articles have been used, the box should be returned to division

storekeeper.

A. F. Jonas,

Chief Surgeon.

Dr. Charles A. Porter,^ Boston.

I am ver\' much interested in Dr. Gibson's paper on tetanus, as I

have been interested in this subject for a number of years. I think

we should go back to the understanding that intraneural injections

were used because the poison went up the axis-cyUnders and could

not be reached in any other way after it became fixed. More recently

we have found that intraspinous injection will reach the nerves through

posterior roots; this is a change of theory and a fact of great advan-

tage. In regard to the amount of antitoxin, I think for many years

it has been realized that the period of incubation between the admin-

istration of the antitoxin and the development of symptoms should

be our indication as to the size of the dose then to be administered.

I have been wondering whether it would be possible by f xamining the

fluid and injecting this into animals to find out whether you had
really neutralized the toxin, and I am going to experiment along this

line. Up to the present time we are merely guessing at the doses and

going on the principle of whether or not the amount administered has

done good. We should learn to control the amount of serum given^

but should err on the side of gi\'ing too much rather than too little.

Dr. Leonard Freeman, Denver.

Dr. ]Miles Porter has properly called attention to the inadvisabiUty

of using any kind of internal retention apparatus in compound frac-

tures owing to the danger of sepsis. This appUes to screws, plates,

wires, etc., and the hst might be extended to bone grafts. It does

not apply, however, to the use of the external bone clamp, one form

of which was presented to this Society a good many years ago by Dr.

Parkhill, and attention has been called to other forms by Dr. Lilien-

thal and by myself. The principle invoh^ed is the use of several long

screws which are screwed into the bone and clamped together outside

1 Not corrected by speaker.
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the skin beyond which they project. The great advantage in the use

of these external bone clamps in many compound septic fractures is

that the screws need not be placed near the fracture itself. In

compound septic fractures of the tibia, for instance, they are of much
advantage because they can be placed so far from the site of fracture

(even introduced through mere button-holes in the skin) that they can-

not influence sepsis of the fracture. When it is possible for us to hold

broken bones in apposition in this way we gain in time and save a

secondary objectionable operation. The external clamps are gener-

ally easily introduced and easily removed, the latter point being of

importance to the patient, even if not to the surgeon. They hold

appropriate fractures with absolute security.

Dr. Arpad G. Gerster, Xew York.

We have been listening to a series of extremely important and

instructive papers regarding the first care that external wounds should

receive. There is a class of workers whose very name indicates

that they are hand workers and who are subjected during their

occupation to the danger of infection from external wounds. I

refer to surgeons who ha\e neglected so far the special study of those

wounds to which they themselves are frequently exposed. I would

suggest that some one at that Alma Mater at the head of Chesapeake

Bay make this an opportunity for a monograph on the first treatment

of surgical injuries inflicted on surgeons by themselves, their assistants,

medical students in the dissecting-room, and on nurses. My sugges-

tion is based on the fact that once I made it my business to inquire

in Xew York and elsewhere of surgeons in their hospitals of what they

did when they injured themselves after an operation. Just as fan-

tastic were the methods employed, just as manifold, and sometimes

almost as absurd, as those used by the common working man. Some
put on a piece of plaster and some desiring to be in style used court

plaster. Of course, when anything is fashionable that thing is being

done by everybody, and recently tincture of iodin is foremost. I

am not going to dwell on this critical side of the question because it

is not very popular, but I would state something constructively, and

that is that when I was studying medicine and working in the ana-

tomical dissecting-room of Professor Hyrtl, in Vienna, the prosector

warned every new student that in case of injury he should immediately

report to him. That was in 1866, a long while before there was any

widely disseminated knowledge of antiseptics. He made the man who
cut himself, first wash his hands thoroughly and then applied to the

injured member the ordinary concentrated form of commercial acetic

acid as sold for technical purposes. This produced intense smarting
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for a minute or two, but after that the student was assured that he

could go back and continue with his work without any dressing.

I have never forgotten that rule and I have never regretted employ-

ing it, and when disregarding it, I often had to pay the penalty with

a phlegmon requiring an incision and prolonged after-treatment. I

would recommend it to you, and I believe you will never be sorry to

have used it. Whenever you have injured yourself and the injury is

so small that it seems infinitesimal, wash your hands in the ordinary

fashion, squeeze out the wound if it is bleeding, and apply a drop of

glacial acetic acid to the area. I keep this in all operating-rooms and

also in my office. It will not stop the hemorrhage, but this stops after a

while, but the acetic acid enters into a chemical union with the surface

of the wound and forms a soft pliable and flexible cover uninfluenced

by contact with water, that seals up the wound. You can wash your

hands as often as you please without destroying this protective escar,

and you are not required to protect the injury with any dressing what-

ever. Even cuts of an inch in length will do well under this plan, and

when the escar becomes finally detached the wound will be found to

have soundly healed under it. The great value of the method will be

obvious to every active surgeon.

Dr. E. Wyllys Andrews, Chicago.

When I was listening to Dr. Bloodgood's remarks about pathology

I felt like saying that I would go one step farther and take him by the

hand and lift the curtain and show him a broad field he might have

exploited in this direction. We have seen of late ye^rs a develop-

ment in surgical pathology that has been brought about at the hands

of a set of men not surgeons. We are all teachers of surgery and

supposed to keep up our ideals of surgery, and I would say that in

my opinion we surgeons have neglected a whole field, and whether

we look at it from the stand-point of progress of the medical science

or a milestone in surgical history, it is going to be to our discredit when
the history of science is written that this generation of surgeons has

allowed some purely medical men to develop a vast field in surgical

pathology. This, of course, means the field of focal infection in those

absolutely surgical diseases, such as gall-bladder infections, hAi^er-

thyroidism, appendicitis, and gastric ulcer. If there is any one thing

that has been determined in the research that has been going on under

Rosenau and Billings, it is that a large percentage of these absolutely

surgical diseases are directly to be reproduced by focal infections

which have been studied by the newer methods of bacteriology. We
know very well when we teach our internes and students certain

tricks in technic that we like them to think they are going out from
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our instructions to develop because they have learned things which

can be done cleverly, but we have not been doing practical work.

We have not followed in the footsteps of the great surgeons of the

past: Billroth, Kocher, Nicholas Senn; those men did not spend

their hours studying technic, but the greater part was spent in the

laboratory in research. Of course, it is true that Rosenau has now
joined a surgical clinic, but I take it that it is perfectly proper to admit

that we surgeons have been derelict in allowing an epoch-making

piece of work in a purely surgical domain to have been brought out

in a medical laboratory.

Dr. William B. Coley, New York.

As chief surgeon to the New York Central Railroad for more than

fifteen years, I have been interested in the papers read this morning,

and it is encouraging to find so many men interested in first-aid

treatment. Due credit should be given to Dr. Bloodgood, who at

the Southern Surgical meeting a year ago started fresh interest in this

subject, and he has kept it before the pubUc by letters and contribu-

tions ever since. I agree with all that has been said about technic

in first-aid treatment, but I think after we get to the point of having

an actual infection we should not disregard the use of antiseptics. No
one can read Sir Berkeley Moynihan's recent address on the treatment

of wounds in war without being convinced that in hypochlorite of

lime (Dakin's solution) we have an antiseptic more valuable than

any heretofore used, but few surgeons in America have given it a

serious trial. Impressed by the experience of Dr. E. K. Dunham,
who told me of a case of severe infection of the hand and arm in a New-

York surgeon, which disappeared after two days' treatment with hyi)0-

chlorite of Ume, I have been using it at the Hospital for Ruj)tured

and Crippled and at the Memorial Hospital with very encouraging

results. Moynihan has also called attention to the chloranide

solution (modified Dakin's solution), which does not deteriorate at the

end of a week, as is the case in the Dakin solution, and is less irri-

tating. This I have used in one case. In these two agents I believe

we have a very powerful and non-poisonous antiseptic which should

find an important place in railroad surgery.

Dr. Alexis V. Moschcowitz, New York.

Although I have a very limited experience, I have made an extensive

study of the literature relative to tetanus, and some of you may
recollect that as early as igoo (Annals of Surgery, August, September,

and October, 1900) I published a series of over 500 cases from the

literature, and this has led me to the following conclusions, which still
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appear to be true: (i) That the prognosis of a given case of tetanus

depends principally upon the period of incubation; that the longer

the period of incubation, the better the prognosis, and it is apparently

only cases with a long period of incubation that are followed by
recovery. (2) That the dictum of Roser still stands true, namely,

that a patient with beginning symptoms of tetanus is not beginning

to have tetanus, but is beginning to die from tetanus.

Dr. John B. Murphy,^ Chicago.

I would like to take part in the discussion on tetanus, and I am
happy to see men here today just as enthusiastic about their line of

treatment as we were in 1883 about stretching the nerves.

I want to congratulate Dr. Freeman on his diagnosis in the case in

which my name was used.

The history as given to me differed from the statements given by

Dr. Freeman. As I recollect it, the patient went fishing on a Friday

at some lake in Colorado. On Friday night the cows came to the place

where he was fishing. On Saturday night he fished over the same

ground. Two weeks later he had the initial symptoms of tic fever. We
saw this patient some six or eight weeks after the onset of the disease.

We made the blood cultures and inoculation, and the guinea-pigs died

of the t^i^ical peritoneal rash. We also went over the patient's teeth

and also examined his gall-bladder; he had sensitiveness and he had

an angular temperature in the first days of his disease, and still we
concluded that it was not due to the infection in his gall-bladder. I

am happy to hear that on the removal of his gall-bladde.' the Bacillus

pyocyaneus was discovered, and that the disease since that time has

taken on some of the symptoms of such an infection.

At the same time while we were treating this case we had in the

hospital another patient. In tic disease you have as variable a

condition as typhoid; it has its greatest severity in the cow infections

in Montana. This second patient came from Butte, Montana, and

had a furuncle on her neck just above the clavicle. On the eighth or

ninth day she had a chill with the sudden manifestation of a metas-

tasis in the joints, and this was a pyocyaneous infection which occurred

superficially. The margins of her cornea were also involved. She

yielded promptly to the vaccines, but although she had only her

initial exposure, which also involved the anterior surface of her skin,

her legs and arms and her eyes, she de\'eloped a double pyocyaneous

infection. Her temperature finally came down and remained down,

^ Not corrected by speaker.
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but we have for the past twenty months been studying that case, and

she is not well yet.

The results obtained by Dr. Gibson are striking and he is to be

congratulated on having brought this whole subject to a conspicuous

place on this program.

Dr. Melcher's paper has in it the basic elements for real success in

surgery, namely, every surgical procedure and treatment where possible

should be performed on animals first if the best results are to be obtained.

We are too prone to consider ourselves made of such superior clay

that we do not need efficient training in technic and principles in order

that we may arrive at the same results as those who have had such

advantages. Dr. Melcher's work in many lines, as in this, has brought

about with overwhelming conscientious and scientific force the

furtherment of animal tests and experiments before being appUed to

the human.

In the retrospection of a third of a century we are convinced now
that our nerve stretching of that time was an important element in the

management of tetanus, and if it had been timely instituted probably

would have prevented the bacillus from escaping to the central nervous

system by the edema and blocking of the circulation which the trauma

of the stretching produced in the nerve trunk.

There are three elements in the management of tetanus: (i) the

prophylactic^^ which inhibits but does not always prevent the develop-

ment of the bacillus; (2) the treatment of the local lesion; (3) the

constitutional treatment after trismus has developed. The local

management is based on our knowledge of the biology of the tetanus

bacillus, namely, that it cannot grow in the presence of oxygen

(anaerobe). Therefore, as long as the blood oxygenates on the primary

focus the tetanus bacilli do not multiply in loco. It is only after a con-

nective tissue has developed around the tetanus bacilli and has inhibited

a regular quantity of normal oxygenated blood from coming in contact

with them that their multiplication takes place, and that is why there are

such varied periods of incubation and ivhy the prognosis varies with th:

period of incubation.

The excision of the injured tissue is most desirable when that is

feasible. When it is not feasible, continued dressings of a medicament

that gives up large quantities of oxygen, as hydrogen dioxide, is the

only application that ever should be made to the surface of the wound.

It takes precedence on account of the anaerobic element in the

biology of the tetanus bacillus over all other disinfectants.

Escharotics, as strong carbolic acid, nitric acid, zinc chloride,

etc., should never be used, as they form a charry tissue beneath which

the tetanus bacillus may multiply. Sticks of a compound containing

Am Surg I2
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carbonic dioxide may be inserted and maintained deeply in the

wound, in fact, through the entire tract of the wound.

The constitutional treatment if trismus should become a symptom:
Reopen the wound and cleanse it and pack with hydrogen dioxide.

Administer morphin and chloral with intraspinous local injections

of magnesium sulphate.

Dr. Geo. P. Gill, of Rockford, 111., a member of the Chicago Unit

at Etaples, France, which I organized, has just returned from his

service, and brings with him a circular letter from T. O'Donnell,

Director-General of the Medical Ser\dce of the British Army in the

Field, accentuating and emphasizing the points mentioned above.

He also brings with him a personal report from an inter\'iew with

Dr. Theodore Kocher, of Berne, which he summarizes from memory
as follows:

1. Kocher believed that death from tetanus was due to exhaustion^

not to toxemia.

2. That if the tetanic convulsions could be controlled, a resistance

could be developed by the individual and recovery would be the rule.

3. He used antitetanic serum as additional treatment, but did not

go into detail as to how large doses were administered.

4. The prime object of his treatment, after the disease has mani-

fested itself, is to control the muscular spasms.

5. He beUeves that magnesium sulphate in sterile concentrated

solutions injected into the spinal canal, preferably lumbar puncture

between the third and fourth vertebrae, gives most excellent results.

The patient is placed on the left side with the head slightly elevated

to prevent the solution from entering the medullary zone and par-

alyzing the respiratory centre. If respiratory involvement mani-

fested itself after its administration, then artificial respiration is

instituted.

6. He adheres to Meltzer's original dosage to start with, i c.c. of a

25 per cent, solution for every twenty-five pounds of body weight.

If there is no response following that he uses a less concentrated

solution but a large quantity, diluting it down as low as 15 per cent.

7. The injections should be made sufficiently often and in sufficient

amount to control spasm. This meets to the utmost the prime

indication.

8. Always be prepared to treat sudden arrest of respiration : that is,.

with To gr. strychnin with 4 gr. caffein subcutaneously.

Kocher's results are in consonance with those one should expect

if Dr. Melcher's treatment was carried out by a surgeon prepared to

administer it efficiently.

We are indebted to Dr. Melcher for forcing upon the profession
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the recognition of the importance of using these solutions on dogs

before they are utiUzed on patients, so as to famiUarize one's seh" with

the toxic and physical effects.

The importance of tiding the patient over the immediate danger is

in consonance with the profession's estimate of this disease for the last

third of a century.

Dr. W. W. Keen, Philadelphia.

Next year will be just fifty years since the first paper of Lister on
the antiseptic treatment of wounds. We have made in these fiftv

years very great progress in the prevention of infection, and prophyl-

axis has outrun practice—outrun treatment. The one overwhelming

problem before the surgeons of the world for fifty years as yet unsolved

is that of taking a thoroughly infected wound, disinfecting it and
keeping it disinfected, and effect recover}'. And if this war should

bring out methods of treatment which will accomphsh that, it will go

far to remedy the horrible results of it. I think the work of Almroth
Wright, Carrel, and the Edinburgh Committee are full of promise

for the future, but, as I said before, there is still this overwhelming

problem which must be solved.

Dr. George W. Crile, Cleveland.

I wish to refer in brief to the symposium at the American Ambu-
lance, in which Wright, Tuffier, and Carrel took part. They pointed

out that for a generation the surgeons of the world have been busying

themselves with certain new aspects of surgery, but now find them-

selves in the field where they are confronted with nothing but infected

cases, and are compelled to begin their studies anew, for as far as

infected wounds are concerned they find themselves practically in

the same position as the surgeons of the war of 1870. I thought

it was a fantastic idea when I saw in Du Bouchet's service at the

American Ambulance, the treatment of infected wounds \vith electric

lights, but I soon became convinced of its value, and since I returned

home I have introduced this same treatment in the Lakeside service

combined with the use of Dakin's solution, which to my mind is far

more efficient than bichloride or any antiseptic I have heretofore

used. By this method, if fairly infected wounds are sufficiently opened

and drained very carefully with enough tubes so that the solution

will come in contact with all parts of the wound, the wounds can be
resteriUzed. It would seem illogical to treat wounds without dressings,

but in the French service they do not put dressings on many of the

wounds, and in our service at Lakeside we are discarding dressings

in a large number of cases, using instead over the wound a canopy
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under which electric lights are suspended. Especially in bone infec-

tion I have been surprised at the small amount of discharge under dry-

el ectric-light treatment. If hot applications are required we use hypo-

chlorous acid or Wright's solution. Through the electric light one

may bring to his patients the benefit of the desert's sunshine in which

wounds are known to heal quickly.

Dr. James E. Moore, Minneapolis.

I think there will be one great benefit derived from the lessons

which will be taught us by the present war, especially in the matter of

teaching surgery properly. We have gradually gotten away from the

treatment of wounds because we have been so busy teaching how to

remove stones from the common duct. Some time ago I found that

my clinics were deficient. When the railroad company and great

industrial companies came to me for men to send out and care for

their men I found I had not taught these young men the things that

I had used when I had done emergency surgery years ago. Then
1 looked over the clinics and found they were of much the same type;

they were opening abdomens and showing the removal of brain tumors,

but the poor boys of the present generation were getting little instruc-

tion along the line we are discussing today. Then I began to look

elsewhere and I went west and east and found the same condition. T

found incidentally that the boys were looking after their own welfare,

they were side-stepping the general clinics and going into the out-

patient departments. In looking into these I found they were

badly equipped in many instances and were not fit placrs to teach or

to practice the treatment of wounds. I therefore immediately began

to improve matters at home, and I am sure now we will all begin to

improve our methods of teaching. Teach the method of treating

wounds and provide the proper opportunities to study minor surgery.

I have for years looked upon the dressing of a wound as something

to protect it for the future, not as something to have an effect on its

healing. Years ago I learned by actual experiment that I could take

a patient with two injuries, treat one with irrigation by normal salt

solution and the other with bichloride, and that the first healed much
quicker. I am confklent then that the treatment of wounds with

chemicals, carbolic, etc., does more harm than good.

Dr. Charles L. Gibson, New York.

One little point regarding surgery of the hand : A great deal of this

is turned over to the ambulance staff and many cases are treated

hurriedly and without proper respect. I think one trouble comes

from division of the nerve supply and sufficient care is seldom taken to
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investigate and remedy this accident. Recently I read an account

by Madame Dejerine which I consider very practical; it gives a ready

method of identifying the injured nerve supplying the muscles of the

hand. She called attention to the three specific actions of the three

nerves. If the patient can extend his wrist, it identifies the musculo-

spiral as in tact ; by placing the hand in the position of musculospiral

paralysis, that is, wrist-drop, the patient can now flex his index finger

the medium nerve is intact; if he can abduct and adduct his little

finger the ulnar nerve is intact. By this simple and admirable method

the identifications of injuries to the nerves of the hands is made very

easy.

Dr. W. L. Estes, South Bethlehem, Pa.

I want permission to add to this discussion a few words with regard

to a little apparatus which we have found very useful in measuring

fractures. This is a little selfish because I wish to get accurate data

from the members with regard to fractures. The difficulty with tapes

is that the skin slips, again in the compound fracture the tape cannot

be thoroughly steriUzed. This apparatus may be sterilized and is

hinged in order that it may be easily carried. With the patient lying

down it can be put under his foot, and the moving bar indicates any

place that you may take the measure, at the top of the patella, the

anterior spine, the umbilicus, or at the axilla. These measurements

may be checked up by taking two or three at a time. Again, it shows

angulation better than any apparatus I know of. A horizontal part

going across a line through the anterior spine will indicate whether

it is in consonance with a line on the other side. It overcomes the

inaccuracies in a tilted pelvis encountered in using a tape. It also

shows that there are rarely two men who are symmetrical, as brought

out by Dr. Roberts. This is a very convenient apparatus, is easily

packed, and carried.

Dr. N. a. Powell, Toronto (by invitation).

No general hospital can devote from its revenues a proper approjiria-

tion of funds for the looking after of emergency surgery. I became

convinced of this some years ago and induced some patients to give

$200,000 for the erection and maintenance of an emergency depart-

ment in the Toronto General Hospital. We are getting good results

and I hope to see a larger number of hospitals ecjuipped with similar

departments. This seems to be helpful in overcoming the difficulties

of teaching our students advanced surgical technic in traumatic

surgery.
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Dr. Archibald MacLaren, St. Paul.

I am very much obliged to Dr. Jonas for bringing up the subject

of first-aid dressings in such a practical way, because he has had such

a large experience with railroad surgery that any conclusion he may
have reached is exceedingly important and very much worth while

to everyone doing work along these lines, and I am going to take the

first opportunity possible to adopt in my railroad work these methods

which Dr. Jonas has suggested.

Dr. Miles F. Porter, Fort Wayne.
First, in relation to the question of foreign bodies, I do not think

Dr. Estes and I differ at all regarding the advisability of their removal

when they are evident, but to stir up a wound under the suspicion that

there is a foreign body present is to my mind a grave mistake. We
may look for these foreign bodies later and at such time remove them
without poisoning the patient with a lot of pus-producing and other

germs, as we certainly will do in too early investigation. One of the

points I would like to make is this: I can only be governed by my
own experience; I do not know anything about shock which has not

been accompanied by hemorrhage, and for that reason I have for long

years been constrained, and I do feel that with a man with a crushed

leg to wait until shock subsides before doing anything for him is a

grave mistake. I feel sure that we have saved some cases by imme-

diate amputation that would have died had we waited for them to

recover from shock. Another point to be emphasized is that the first

dressing should be the last dressing done in a great m-.ny of these

cases of crushed hands and feet. If the first dressing is right the wound
need not again be disturbed until it has healed or until nature had

protected it with a good breastwork of granulation tissue which will

prevent any ingress of infection.

I am glad to hear Dr. Moore say that he has largely discarded anti-

septics. For a long while I have felt that when I immersed a badly

smashed hand into a i to looo solution of bichloride of mercury I may
be killing a few germs on the surface, but beneath the surface I am
doing nothing unless to bury a whole lot of very active germs, and I

therefore finally stopped using the strong antiseptic solutions and

reduced them in strength from i to looo to i to 10,000, and then the

extremities were immersed for a long time in these weaker solutions

and my results have been better. I am not going to discard them

wholly for a while yet, but I am not quite sure that I will not by and

by for the reason that I have not been able to achieve as good results

in already infected wounds by the use of antiseptic solutions as with

plain salt water.
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Dr. Leonard Freeman, Denver.

I hope none of the members, especially Dr. Murphy, drew the

conclusion that I was attempting to contrast our diagnostic abihty

in Denver with that of Dr. Murphy in Chicago; we all cheerfully

acknowledge his superiority in that as well as in many other Unes.

The only point I desired to make was to emphasize that even Dr.

Murphy could not make a successful diagnosis at the time he saw this

patient, and that we only made it by the merest accident during the

course of a surgical operation, thus showing the great obscurity of

the disease.

Dr. Charles L. Gibson, New York.

I am very much obliged to the gentlemen taking part in this discus-

sion, as my object in reading my paper was to stimulate interest in the

subject of tetanus. It is a big subject, and after the war we may get

statistics from which we can draw some conclusion. It is astonishing

to think that the method of treatment which gives only 17 per cent,

mortality is not more generally employed, and I had hoped to have

some explanation of this in the discussion. When we read reports

we should ha\'e a definite idea regarding the method by which the anti-

tetanic treatment is gi^'en, and must bear in mind that antitetanic

serum varies greatly in its strength.

Dr. John B. Roberts, Philadelphia.

In many of our American hospitals the peril of the accident room is

very great. I have tried to avoid this by giving the resident physicians

in charge, when I go on duty, a written direction for all ordinary acci-

dents which are apt to come under their care. These young men do

not always follow or apply it, but I at least do my duty by giving it to

them.

A second difficulty in hospital treatment is that the danger of infec-

tion from erysipelas, scarlatina, and pyocyaneus bacillus is not prop-

erly appreciated. I have repeatedly seen blue pus on dressings taken

from patients which has received no adecjuate attention from internes

or surgical chiefs to prevent transfer to others. I have seen pyo-

cyaneus septicemia come from this neglect of the stafif to call the

attention of the residents to the peril of a general septicemia. Dr.

Freeman's report of this case may be an incentive for more careful

work.

As to dissection and minor operative wounds. Dr. Gerster has

already urged that they should be quickly sterilized by some sharp,

deep, penetrating, chemical substance. I have always been careful

in my former dissecting-rooms and in teaching anatomical surgery,
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although I never have had any local infections. As soon as I get pricked,

I immediately wash my hands and thoroughly sterilize the small

wound with strong formaldehyde or carboHc acid solution. I Vjelieve

the reason so many have recently become interested in the serious

infected wounds of the war is because they are not old enough to have

dealt with the formidable infections of pre-Listerian surgery. Those of

us who are a little older will never forget what such experience taught

us, namely, free drainage by incisions, graA-ity, and irrigations v/ith

frequent dressings.

Dr. a. p. C. Ashhurst, Philadelphia.

Since the pubUcation, in 1913, of a paper on tetanus (Ashhurst and

John, "The Rational Treatment of Tetanus," Am. Jour. Med. Sc,

June and July, 1913) there have been 8 additional cases of this

disease under treatment in the Episcopal Hospital, Philadelphia

.

An analysis of the main features of these cases, as well as of 4 other

cases of tetanus which I ha\-e seen in consultation during the same
period, is appended in tabular form.

From my personal experience with the 16 patients who have come

directly under my own care, I have been particularly impressed with

certain facts:

1. The tardiness of diagnosis. Xot only do the family physicians

fail to recognize the first premonitory symptoms of the disease, such

as epigastric pains, stiffness in the back or neck, or pains in the aft'ected

limb, but in many cases the internes on duty in the recei^'ing wards

of large hospitals, and even the surgeons themselves in c.narge of the

wards, wait until opisthotonos and trismus are present, or even until

a convulsion has occurred, before they are AA-illing to make a diagnosis

of tetanus. They are constantly deceived by the calm, clear mental

attitude of the patient into thinking that he is not really very ill.

2. Even when the diagnosis has been made there is too often great

and unjustifiable delay in instituting efficient treatment. This very

likely is due to a lack of knowledge of what constitutes efficient

treatment.

3. Cases which begin mildly, that is, with symptoms which increase

very gradually in severity, often in the end turn out to be quite as

severe as those cases where the onset has been abrupt and the symp-

toms have run an acute course. Hence there is no excuse for not

instituting drastically efficient treatment mimediately upon diagnosis,

in every case, no matter how mild in appearance.

4. Patients may suddenly develop convulsions and die several

days after onset of what appears to be the convalescent stage. It is

an exceedingly treacherous disease.
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5. I am still convinced that rational (i. e., efficient) treatment

comprises the following:

(i) Local treatment of the wound, even if healed: opening, excision

of devitalized tissue, irrigation with hydrogen peroxide, and swabbing

with iodin; to be repeated daily until granulations form.

(2) Antitoxin:

(a) Intraspinally, from 3000 to 6000 units, immediately upon

diagnosis, and repeated every twenty-four to thirty-six hours unless

rapid improvement occurs.

(b) Intravenously, from 10,000 to 15,000 units, during first day,

unless marked improvement follows the intraspinal injection.

(c) Subcutaneously or intramuscularly, 1500 to 3000 units daily

until convalescence or antitoxin rash appears.

(d) Intraneurally (as much as ner\-e will contain) if symptoms do

not abate within eighteen to twenty-four hours after intraspinal

injection.

(3) Sedatives in large doses, preferably chloral hydrate, 15 grains

and sodium bromide 30 grains every three hours by mouth, or twice

these amounts by rectum; but with caution not to continue these

large doses after their physiological effect has been produced.

(4) General and bodily rest, feeding, and most careful nursing.

Of 16 patients under my personal observation, 7 have died, a

mortality of 44 per cent. One of these deaths was due to pneumonia,

after apparent convalescence from the tetanus, another was due to an

overdose of magnesium sulphate intraspinally; and I am convinced

death in at least 3 other patients might have been prevented if efficient

treatment had been instituted sooner. This leaves 11 patients who
received early and efficient treatment, with 2 deaths.
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METHODS OF HANDLING INJURIES ON THE
TRANSPORTATION SYSTEMS AND

WOUND TREATMENT

By KENNETH A. J. MACKENZIE, M.D.
PORTLAND, OREGON

Crossing the Atlantic five years ago in a great ocean liner, four

days out at sea, the purser's assistant was seized with an acute

attack of appendicitis. Consultations were held with the ship's

surgeon and the captain and officers, which culminated in the

decree that an operation be performed at sea. A survey made

quickly revealed that no provision existed for such an operation

—not even the necessary instruments. Under orders of the

surgeons, however, the engineers improvised quickly the neces-

sary arrangements, which proved in the end to be effective. The

operation was performed at midnight under difficulties. The

following afternoon the arrival of the ship at Fishguard enabled

the patient to be transferred to a marine hospital in Liverpool,

where he recovered.

Four thousand people occupied the ship for five days, or the

equivalent of twenty thousand for one day, and yet no provision

existed for the care of emergencies that might under the law of

average be expected to develop at any time in such a large con-

course of people.

Many questions arise in relation to this subject: What pro-

visions are made by transportation companies to meet the count-

less emergencies of the day which are the product of the feverish

activities of modern industrial life ? What is being done to pre-

vent the appalling sacrifice of human life ? What are the measures
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used by the common carrier for the prevention of the crippling-

and maiming of its workmen and patrons?^ How are injuries

and wounds treated in the field? What are the elements of

first aid prescribed and practised? Do they measure up to the

standards of the army and navy and those used in civil life?

The principle implied in the shibboleth "Safety First" looms

very largely in all social activities organized for the prevention

of the great vital and economic waste which is the concomitant

of forces allowed to run riot and breed emergencies in an endless

chain.

When Josiah Strong, whose death has been recently announced,

first initiated the "Safety First" movement, he little dreamt it

would attain such momentum as to become within a short span

of two or three years a world-wide movement destined to have

great influence upon the welfare of the human family. The

American Institute of Social Service was organized by him in

1898, and within two years was extended over the United King-

dom, and at the beginning of the great world war at least five

of the warring nations formed institutes along the fine of his

original organization.

While much may be written of the humanitarian and economic

sides of the question of " Safety First," it is probably in the latter

that is has found its greatest development. Conditions \-ary in

different countries, and what is being done for the prevention of

emergencies in the crowded centres of the East will not find

an exact counterpart in the m.ore sparsely populated commun-

ities of the West. In the East emergencies are readily met

because they are accessible to the community with its organized

institutions. In the West, however, with its great stretches and

isolated communities a more complex organization becomes

necessary to meet emergencies as they come.

Railroad companies, more than any other organizations, have

to consider acutely both the economic and humanitarian sides

of this great movement because the law requires them to trans-

port their patrons in safety, and also to protect their employees

from the hazards pecuUar to their occupation and, recognizing
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the great principle of prevention, they have not been slow to

adopt it.

The late E. H. Harriman. who in his short but meteoric career

showed the world that he was the greatest builder of railroads,

seized every principle of constructive character readily and

applied it at once for the elevation and betterment of service.

After he had financially rehabihtated the Union Pacific in hne

with his conservative policy in railroad management, he installed

at colossal cost the system of automatic block signals over the

entire Union and Southern Pacific Systems.

A survey recently made of the emergency service of a western

railroad system, one of the links of the Union Pacific, with which

I have had official connection for many years, enables me to

present to this august body, which should be the arbiter of such

large questions, the methods that are in use at the present time

and which, perhaps, may be taken as an index of those that

prevail at large.

In the study of ideal methods of treating emergencies or

injuries on transportation systems the study of prevention should

receive the first consideration. It begins with a highly trained

and vigilant executive, and predicates the constant cooperation

of operating officials and workmen in an unceasing effort to

work with such forethought and care that no break in good order

takes place to cause the emergency. It goes without saying

that careless and shiftless methods would breed emergencies

just as the converse would prevent them.

A factor of great importance in the prevention of accidents

is found to be the systematic study of their causes. Committees

of safety meet at least once a month and enter seriously upon

the discussion of all accidents that happen in all the departments

of the system. The discussion, for example, develops that a

number of accidents have happened because of the giving way
of grab-irons on freight cars leading to the infliction of serious

injuries to the workmen. At another time it develops that the

workmen in a foundry, in violation of the rules of the service,

are working without protecting glasses when sparks are constantly
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flying. A chain of such accidents is recorded and a system of

correction immediately appHed. It develops, perhaps, that on

a foreign railroad system collisions are taking place with increas-

ing frequency. A State commission proceeds to investigate the

cause and finds that it is the result of greatly augmented traffic.

Remedial measures are applied but accidents continue. Ulti-

mately the management is forced^ in the interest of public

welfare, to install the automatic block signal, which is the best

factor of prevention of the greater emergencies.

Organization. The organization of a hospital contemplates

first a corps of surgeons who are under the direction of a chief

surgeon. There are surgeons in charge of divisions and dis-

tricts and also specialists. The chief surgeon is stationed at

headquarters, and there are surgeons placed at short intervals

on the line, so that the whole system is linked up by a chain

of service, and they are all governed by established rules and

discipline.

Hospitals are of two kinds: the general hospital for the treat-

ment of severe emergencies and sickness, and hospitals for pri-

mary and ambulatory treatment. The general hospitals are

placed in the larger cities and are furnished with every modern

appointment. Accommodations are more frequently given in

wards, but the private room is available for the more severe

emergency, and also trained nurses. The x-ray is universally

used in fractures and dislocations.

The emergency hospitals recently established on this system

have for their special object the giving of prompt service and

possess every facility for the immediate relief of all manner of

injuries and their effects. They are placed adjacent to shops and

round-houses where many employees are concentrated. The

appointments are complete, and a system of records is kept by a

nurse, who is in attendance during the working hours and is

qualified to give first aid. It is found that such hospitals diminish

the incidence of infections in wounds great and small and are

invaluable in meeting such emergencies as hemorrhage and

shock.
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Equipment. The emergency equipment should include a hos-

pital train or car, stretchers, emergency trunks, emergency

handbags, Johnson first-aid cabinets, and stationary surgical

cabinets at round-houses and shops. Stretchers are placed at

frequent intervals along the line, at even unimportant stations

and on all trains, and at the terminals a large number are kept

on hand.

The emergency trunks are placed at all division points, and

at important stations, where they can readily be moved to the

scene of the %vreck. At the present time there are fourteen such

trunks in use throughout the system. They are intended for

large emergencies, and are capable of taking care of fifty or

a hundred injured people, and a special trunk, with reserve sup-

plies and comforts, is held in readiness at headquarters. The

trunks contain instruments for any surgical operation that

may be necessary, a complete assortment of medicines, restora-

tives, anesthetics and dressings, together with a variety of splints,

including plaster of Paris. (List of contents appended.) The

published time table of the railroad always contains a list of

the local surgeons and their addresses and the location of the

emergency equipment.

The emergency handbag has proved a most useful utility. It

is placed at the disposal of the division and district surgeons at

busy points and also on all business cars which are constantly

moving over the right of way, and therefore readily in touch

with emergencies. When accidents happen they are brought

quickly to the scene, and not infrequently a traveling physician

or surgeon has found them of great service. They contain

dressings and bandages to take care of a dozen or more cases,

and instruments to deal with ordinary emergencies and also

medicines, restoratives, and anesthetics. (List of contents

appended.)

A very valuable utility is a stationary surgical cabinet which

is placed in shops and round-houses for the immediate treatment

of wounds and for the prevention of infections. They are made

up of a series of shelves and drawers with facilities for holding
Am Suig 13
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basins, and are equipped with standard solutions and first-aid

packages for the treatment of injuries.

Emergency hospital rooms are also being installed at terminals

and large stations. In the City of Seattle the plan consists of a

waiting-room and an operating-room containing every appoint-

ment for a major operation. It is a model of its kind and is

equipped for the storage of emergency supplies.

Rest-rooms with trained nurses in charge are maintained in

large office buildings for the comfort and care of employees and

for the treatment of minor ailments. The popularity and use-

fulness of this service has been attested many times.

In former times, emergency first-aid packets were placed in

suitable receptacles in baggage cars on trains, but it was found

impossible to keep them stocked because of the pilfering of their

contents. It is now proposed to place the various first-aid

packets in stations under the control of the agent who would

be authorized to issue them at a nominal cost, say ten cents, to

any employee needing them. In theory the fee w^ould be charged

not for profit but for the prevention of waste.

Transportation. The ideal method of transportation would

be a train of several cars always in readiness, one for the trans-

portation of the injured, a second for general treatment, includ-

ing operations, and a third for the accommodation of the staff,

nurses, and attendants. The drawback to this method, how-

ever, would be that this costly outfit would not be available

when needed. The practical method would be a single car con-

verted for immediate use, the most available being a Pullman

coach, and perhaps the most effective of all would be to have on

each division a converted day coach or even caboose car marked

with the red cross always in waiting at division points, having

accommodations for five or six cots and a small compartment

designed for emergency operations. Such cars should possess

at all times complete equipment for immediate mobilization with

the general WTecking outfit to the scene of the wreck.

System of Mobilization. When emergencies happen the

news is received by the dispatcher, who in turn notifies the super-
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intendent, whose actions are governed by the character of the

emergency. In train wrecks the general wrecking outfit would

assemble the equipment en route; the dispatcher would summon
the nearest division and district surgeons and engage other

available surgeons to meet the situation. Every dispatcher

should have in mind at all times the location of all the hospital

equipment and direct its mobilization by wire.

When single injuries take place it is found that the first passing

train furnishes in most cases convenient and timely transpor-

tation, and instructions are wired to the point of destination

to have an ambulance in waiting. Formerly, when emergencies

happened at remote places, a posse of the train crew would have

to run to the station, perhaps ten miles or more, to make noti-

fication of the wreck. In these days the telegraphone, which

is carried on every train, is used to send the news direct to the

nearest dispatcher, who thereupon alone commands the opera-

tions. He directs everybody and everything necessary to the

scene of wreck.

First Aid in the Field. Three t>pes of first-aid dressings

are proposed: (i) a simple sterile dressing; (2) the hypertonic

salt dressing; and (3) a dressing recently devised and which will

be described in due course.

The first dressing consists of two pieces of gauze, the larger

40 X 3 inches and the smaller a bandage loosely folded 18 x i^

inches. These are enclosed in a loose glazed paper cover so

placed as to envelop the gauze and enable the dressing to be

picked up without soiling when being applied to the wound. This

dressing is packed in a small envelope hermetically sealed. The

second dressing is larger and contains two pads of gauze, 40 x 3

inches, a triangular bandage, and two safety pins. The triangu-

lar bandage is designed for various uses, such as the sling, the

tourniquet, and to retain bandages. It is sealed and ready for

use in compact cartons. The gauze elements in both these

packets may be made a hypertonic salt dressing by immersion

in a 5 per cent, solution of sodium chloride and allowing the salt

to crystallize in their meshes, thereby making it a sodium chloride
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gauze. We would recommend first-aid dressings to be made in

four sizes : the first and second corresponding to the simple sterile

or h^^ertonic dressing already described for small wounds; the

third of gauze of two sizes, one and five yards in length respect-

ively, folded in eight layers four inches wide, and sealed in cartons.

The two larger first-aid packets constituting the third variety

are intended for the larger t}pes of wounds. It has been deter-

mined many times that wounds become refractory to treatment

and develop infections because they have not been sufiiciently

protected by dressings; a diminutive dressing, however good

it may be, cannot be expected to protect a wound that is exten-

sive. It is therefore advised to use dressings that will not only

carry therapeutic but also protective and mechanical advantages.

In compound fractures and all wounds with large areas the large

first-aid gauze dressing will be found of priceless value.

The experience of surgeons in the great war has revealed the

merit of certain preparations in wound treatment, and there

would seem to be a general consensus as to the value of common
salt. It seemingly acts by stimulating the migration of leuko-

cytes and promotes the outflow of the fluid constituents of the

tissues, thus favoring drainage. By combining with it sodium

citrate in 0.5 per cent, strength the coagulation of the blood is

prevented, thus further favoring the outflow to the surface and

serving the principle of drainage.

The third variety of dressing, already alluded to, may also

be prepared in four sizes, although the general efficacy of the

sterile and hypertonic dressings for small wounds would make any

other superfluous. It is necessary for this dressing to have a

standard solution, which is made up of the following ingredi-

ents: metallic iodin one part, pure liquid green soap, neutral to

litmus, ten parts, rectified spirit fifteen parts, and sterile water

to make one hundred parts. If the preparation were found

unstable because of the alkahnity of the soap the iodin might

be added at the time of use in the strength indicated.

The soap content of this dressing is most effective, acting

as it does upon the entire surface, with which it is in contact.
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cleansing and purifying it. Thus its lather emulsifies all the

debris not only in the wound but on the skin, and, holding it in

suspension and forming a pellicle over the wound's surface, it

offers a barrier to infection. When the dressing is removed at

the time of the first surgical treatment the gentlest. irrigation

will suffice to sweep away all the scum that has collected, enab-

ling the surgeon to proceed with the treatment of the wound

without the further infliction of trauma. The soap content

further has the effect in contact with all foreign matter, blood-

clots, and infective material in general, of liquefying or cleans-

ing them, favoring their elimination and acting ^s an emollient

and detergent agent. The emulsified product of the wound
naturally seeks an outlet in the gauze which abundantly sur-

rounds the wound.

The iodin content of this formula is effectively germicidal and

non-irritating, and has a similar effect to the hj-pertonic solution

in promoting phagocytosis.

The alcohol content is useful as a mild antiseptic, and its

value is enhanced because of its association in this preparation

with the soap and iodin. The soap emulsifying and disintegrat-

ing clots and other infecting elements enables the alcohol and

iodin to attack with greater effect. The action of this formula

is favored by the movement of muscles or broken fragments

of bone in transit.

We have not had an opportunity of studying intimately the

time factor in relation to infections without the previous use of

first-aid dressings. We have, however, observed many times in

cases of compound fractures which have not received first-aid

ser\dce of any effective kind in the field, that after the lapse of

from five to eight hours before the institution of treatment we
have successfully overcome the tendency to infection by prep-

arations in common use in our service into which rectified spirit

enters very largely as a detergent agent. Other things equal, we
would expect in wounds that had received the elements of infec-

tion, exposure having lasted from five to eight hours, that the

soap, iodin, and alcohol formula would be a more powerful factor
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in the control of infections than the hypertonic salt preparation.

There would be no fear on our part to treat small wounds five

hours after infection with either of the preparations, but the

belief is strong that the protective principle would rest in favor

of the soap formula.

One of the vital factors in first aid in the larger emergencies

with fractures and dislocations is the use of an effective splint

adapted to general conditions. For this purpose we have found

nothing better than the woven-wire material known as fruit-

growers' wire of 6x6 mesh (six of its squares are equal to a

linear inch). It is made of galvanized wire, each mesh being

soldered together, which makes it very pHable. When additional

fixity is needed it can be doubled or trebled in thickness. Its

yielding and phable quahties adapt it to the protection of parts

rendered vulnerable by injury. As a substitute, nothing will be

found superior to the familiar blanket or pillow splint so gener-

ally known, and the first-aid equipment should include a variety

of quilted pads to fine them. The majority of wounds treated

in the field by these methods will be found very often to unite

by first intention or to pursue a favorable course in healing by

granulation.

The surgeon will very often have to determine at the moment
of treatment the procedure that is immediately necessary, and it

will be found quite often that in the case of wounds in which the

soft parts have been lacerated and deeply contused, or crushed

to a pulp, that it will be necessary to trim away with scissors

and knife all the dead devitalized tissues carrying the resection

to a degree that the wound at last presents at every point a

fresh, ruddy, healthy bleeding surface. So clean may a wound

of this kind be made by the removal of all doubtful tissue that

a primary skin-grafting operation might e\en be contemplated.

This has been done several times ver}- successfully in our clinics.

It is impossible to lay down any formula for the treatment of

infected wounds; one must be governed by the findings in the

case. The principle of drainage looms largely in such cases,

and must be determined bv the surgeon at the time. We have
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never found any advantage in the use of strong antiseptics,

such as carboHc acid and even iodin. Many times after every

pocket has been found and suitable incisions made, we have

constantly found that rectified spirit possesses the most salutary

effect after being placed in contact thoroughly with all parts of

the wound. Drainage with sterile gauze afterward, or gauze

impregnated with rectified spirit, has been found constantly

to give the best results.

In conclusion, it should be the policy of every railroad com-

pany to develop as many skilled men as possible who would be

of service in emergencies: conductors, station agents, engineers,

and foremen in all departments should receive systematic

instruction in classes through a series of lectures and demonstra-

tions, and the system of instruction should be kept up until

they have been proved competent by examinations.

The directions of this service and the conduct of its details

should be in the hands of a medical officer whose chief function

would be to travel constantly over the system giving instruction

and guarding the emergency equipment.

CONTENTS OF EMERGENCY TRUNKS

Breakable tube with threaded needle.

Catgut, I dozen.

Silkworm gut. i dozen.

Silk, I dozen.

Gauze bandages, assorted, 5 pounds.

Muslin bandages, assorted, 2 pounds.

Sublimated gauze, i-yard cartons, 24.

Plain gauze, i-yard cartons, 12.

Absorbent cotton, 5 pounds.

Picric acid gauze, 6 boxes, i dozen each.

Antiseptic tablets, i bottle, 500.

Safety pins, Nos. 1,2, and 3, 2 dozen each.

Tank package, catgut, i; silk, i.

Pyramid pins, i.
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Adhesive plaster, i-inch, i roll; 2-mch, i roll; 3-mch, i roll.

Yucca palm splint material, Nos. 1,2, and 3, i dozen each.

Porcelain steel basin, white enamel, 3.

Alcohol lamp, i.

H>T3odermic syringe (all metal with four bottles), i.

Chloroform, 500 gm., i.

Ether, 500 gm., i.

Alcohol, 95 per cent., i pint.

Turpentine, 8 ounces.

Green soap, 8 ounces.

Esmarch inhaler, i.

Plaster-of-Paris bandages, i dozen, 3 inch.

Oiled silk, 5-yard roll, i.-

Soft-rubber catheters, ^ dozen.

Hand brushes, 2.

Glass graduate, 2-ounce, i.

Brandy, i pint.

Carbolic acid solution, 4 ounces.

Compressed towels, i dozen.

First-aid packages, i dozen.

INSTRUMENT ROLLS CONTAINING

Amputating knife, i.

Mathieu's needle holder, i.

English scalpels, 2.

Straight bone forceps, 2.

Thumb forceps, i.

Key-hole saw for cutting splints, i.

Tongue forceps, i.

Curved scissors, i.

Grooved director and tie, i.

Pean's artery forceps, 3.

Bandage shears, i.

United States Army tourniquet.
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CONTENTS OF EMERGENCY HANDBAG

4 packages i-yard red cross gauze.

2 packages 2-ounce absorbent cotton.

2 packages i-ounce absorbent lint.

I package i-inch x lo-yard adhesive plaster.

4 rolls 3-inch gauze bandage.

4 rolls 2-inch gauze bandage.

3 rolls I -inch gauze bandage.

I box picric acid pads.

I bottle synol soap.

I tube unguentince.

1 roll, 12 X 14 inches, oiled silk.

2 papers safety pins.

I bottle antiseptic tablets.

I needle case.

I hypodermic syringe filled.

6 envelopes of sutures with needle.

I dozen splint wood.

3 3-inch plaster-of-Paris bandages.

I ij Squibb 's ether.

I flask of brandy.

I case of instruments.

I case of medicines.

I pound of boric acid.

I United States Army tourniquet.



IL^DIUM TREATMENT OF UTERINE CANCERS

By JOSEPH RAXSOHOFF, M.D., F.R.C.S. (Eng.)

AND

J. LOUIS RAXSOHOFF, M.D., F.A.C.S.

CIN'CIN'NATI

The mortality of radical removal of the uterus for cancer, that

of the body excepted, is so high and the end-result so gloomy

that we would all welcome a method of o\-ercoming the disease,

if, without instituting a hazardous operation, it would offer at

least an equally good end-result. Whether radium treatment

can do this the next few years must determine.

Whatever else may be said of it. it does not imm.ediately

jeopardize life; it at least is safe. The discovery of the unique

qualities of the ultrapenetrating gamma rays b}' Dominici

marked an epoch in radium therapy. His principle of filtration

permits the use of large quantities of radium without destructive

effects on healthy tissues. It also permits the deep action of the

rays without interfering with the viabiHty of superficial tissues

covering deep-seated lesions.

While it is not within the scope of this paper to discuss the

scientific principles of radium therapy, a few words may not be

out of place.

Numerous microscopic observations have shown that radium

has a definite selective action on neoplastic tissue. For instance,

a cancer of the uterus treated by radium shows definite histologi-

cal changes. During the first two weeks there is increase in

size and vacuolization of the nuclei and numerous atypical

mitoses are found. This is followed by change in form, enlarge-
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ment, and vacuolization of the cancer cells; retardation and

finally cessation of nuclear division. The last stage is the

destruction of the cell. This is accompanied by infiltration of

leukocytes, the formation of new connective-tissue cells, and

gradual replacement of neoplasm by fibrous tissues. There is

always an obliteration of the bloodvessels, probably due to a

prohferation of the intima. This, in itself, tends to the destruc-

tion of the highly organized neoplastic cells by interference with

nutrition. It is one of the most potent factors in the radium

cure of uterine fibroids. The metamorphosis of the cancer cells

is always interesting, and at times unusual. Occasionally one

may see in typical cancers of the cervix a tendency to cornifica-

tion. In clinically cured cases of uterine cancer there are at

times seen nests of changed but undestroyed cancer cells,

imbedded in dense fibrous tissue. Whether or not these cells

are capable of further growth and dissemination has not, as yet,

been determined.

Whether the action of radium on neoplastic tissue is specific,

or whether it is due to the great cell richness of the latter is

merely an academic question. All things being equal, the

action of radium on any tissue is in proportion to the abundance

of nuclei. This has been well shown by Keetman and Harting,i

who have shown that radium depends for its action on the denser

substances in the nuclei of the cells. For this reason the more

closely the tissue approaches the embryonal t>pe, the more

amenable it will be to the radium treatment. This accounts for

the remarkable results achieved in the treatment of ly-mpho-

sarcoma. Also, the comparative obstinacy of periosteal and

chondrosarcoma to radium action.

The uterus presents an unusually fertile field for radium

therapy, partly from the histological structure of uterine cancer,

but particularly because of its unusual accessibility. The radium

can be brought into immediate contact with the neoplastic tissue,

where it can exert its direct influence. The primary results of

radium therapy in this field have even exceeded the hopes of

few years ago. The reports grow more and more encouraging.



204 R.A.NSOHOFF: R.A.DIUM TREATMENT OF UTERINE CANCERS

According to the report of the London Radium Institute of

19 14. uterine cancers yield most gratifying results, and the

effect of radium in operable cancers is far in advance of those

obtained by any known surgical or medical treatment.

Degrais"^ has a number of cases apparently well after four and

five years. Rubens Duval. ^ in a report of five years' experience,

recounts a most interesting case of inoperable cancer of the uterus

which died of some intercurrent affection several years after

radium therapy. Autopsy showed a complete anatomical cure.

Of 158 cases reported, radium had a beneficial action in 155. In

93 the improvement was classed as phenomenal, while in 46

there was a probable cure.

Degrais and Belot have seen no case of cancer of the uterus in

which some benefit has not been given by radium therapy. The

question of the entire replacement of radical operation by radium

therapy may soon come up for final solution.

The mortality of the Wertheim operation is from 15 to 25 per

cent, in the hands of the best operators, and far greater in those

of the average surgeon, and the percentage of cases which are in

condition to undergo this operation is not very large. Probably

the greater number of those who undergo the Wertheim opera-

tion sufi"er from recurrence within the first year after operation.

Many operators have taken the midground in the treatment of

operable cancers of the uterus. For instance, Pozzi has given up

the extensive Wertheim operation even in borderline cases, and

treats them with radium alone. In operable cases, a simple

v^aginal hysterectomy is done, followed by prophylactic radium

application.

The consensus of opinion of all operators is that operation

after radium therapy is exceedingly dilScult. For instance,

Kelly^ says in the conclusion of his article, "in borderline and

inoperable cases we advise the use of radium, as operative

measures are impossible in this group. If the growth disappears,

it can only be determined whether or not hysterectomy is

advisable by trjdng out both methods. This as yet has not been

done in a sufficient number of cases to arrive at anv definite
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conclusion. We do feel, however, that when clinical cures have

occurred in operable cases, operations are probably best not

carried out."

In a personal communication Kelly stated that inoperable

and borderline cases clinically cured by radium should not be

subjected to operation.

The reason for the difhculty of operation in cases after radia-

tion is easily understood from the fact that there is a great deal

of fibrous tissue deposited which makes clean dissection extremely

difficult and dangerous.

We have recently seen a striking example of this diction. In

September, 19 15, we saw a woman, aged forty-three years.

Five years before a supravaginal hysterectomy had been done

for fibroid. In June, 19 15, she began to pass clots of blood.

There was a great deal of backache. Examination showed cervix

fixed and occupied by hard cancerous nodules. There-was a

marked infiltration of the left broad ligament. Under radium

treatment the mass melted away, the bleeding stopped, and the

pains disappeared. In March, 19 16, against our advice, a vaginal

removal of the cervical stump was attempted. The operation

was exceedingly difficult and incomplete. The specimen removed

showed a great deal of fibrous tissue and some few nests of

embedded cancer cells. From the time of the operation the

pains recurred and the wound did not heal. Manifestly, as we

ha\ e stated before, anything like a complete operation is impos-

sible after extensive radium treatment. Whether this case

would have remained permanently well is doubtful. Her

condition, however, was certainly only made worse by operation.

The results of Kroenig and Doederlein' are too well known to

require more than mention.

The immediate local results of radium are phenomenal.

Within a week of the first application the hemorrhage is, as a

rule, arrested and the foul discharge stopped. We have not had

a case in which we were not enabled to arrest both the offensive

discharge and the hemorrhage within from one to three weeks.

The cauliflower vegetations which frequently fill the vagina seem
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to melt away. The improvement of the general condition of

the patient is astounding. Pain is sometimes reheved within

a few days of the first application. The most difficult cases in

which to effect a benefit are those which recur after a Wertheim

operation. The fibrous tissue scars are so dense as to seem almost

impervious to radiation. However, even these cases can be

benefited, but we have no cure lasting more than a year. The

pain in these cases is more difficult to relieve than in those that

are primary. The tissues are dry and densely infiltrated with

scar tissue.

Out of 25 cases treated in this series, 11 are still well. Of

these 3 have been well for two years, 6 from one to two years, and

2 from six months to a year. Of the 1 1 clinical recoveries, there

were 3 operable and 8 inoperable. Of the 3 operable cases i is

well after two years, and 2 over one year. Though the cases

are few, this is in itself an interesting observation, as a recur-

rence after operation usually occurs within the first six months.

A few of the results obtained seem to warrant individual report.

Case I.—Mrs. S., aged forty-five years, was brought to the

Jewish Hospital in an ambulance, in what seemed to be the last

stage of a secondary anemia. Red count 2,400,000. marked

poikilocytosis, hemoglobin 40 per cent., weight 72 p'^unds. The

vagina was completely blocked by exuberant masses springing

from the cervix. There was, however, no involvement of the

vesicovaginal or rectovaginal septum. ]March 15, 191 5, con-

trar\^ to our usual custom, in order to more promptly control the

hemorrhage, the mass was curetted away, and cauterized with

the actual cautery. One hundred milligrams of radium were

buried in the crater. On ]March 20, the hemorrhage was entirely

stopped. Radium treatment was repeated four times between that

and May 17. After the last treatment there was some rectal

irritation. She was sent home and told to return for treatment

in about two months. Nothing more was heard from her until

April, of this year, when, in answer to inquiry, she stated she was

in excellent health, weighed no pounds, normal weight 125,

and that she did her own housework. Aside from a slight rectal
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irritation she was in excellent health. She has been perfectly

well for over a year.

In all of the cases classed as inoperable, the uterus was firmly

fixed in the pelvis, and there was marked hemorrhage and more

or less putrid discharge. In all of these cases one of the most

noticeable phenomena was the increased mobihty of the uterus

after the first few treatments. After more extensive radiation^

the uterus again becomes more or less fixed by the new-formed

fibrous tissue.

In one case we have had a recovery after a comparative incom-

plete series of treatment.

Case II.—]VIrs. H., aged seventy-one years, first seen May i,

191 5. Has had slight hemorrhage from the uterus for a year

and a half. For the past seven months very severe. Exami-

nation shows a carcinomatous degeneration of the entire cervix^

with complete fixation of the uterus. Four treatments were given

in all, and at the end of that time the cervix was normal and uterus

movable. The patient refused further treatment. She is still

well, although more than a year has passed since the last

treatment.

In our experience there has been no single case in which the

radium treatment was not followed by some benefit. One of our

earliest cases came into the hospital in what seemed the last

stages of septic infection. The vagina was filled with great

masses of carcinomatous tissue, and the odor of the discharge

was terrifying. After three radium applications of twenty-four

hours each the discharge stopped, the foul odor disappeared,

and the patient began to gain in weight. She died live months

later of a large perinephric abscess, but there was no return of

the vaginal involvement.

Cases approaching this in severity are numerous in our series,

and show that practically no case is too far advanced to be

at least temporarily helped by radium treatment. In cases

where there is involvement of the recto- and vesicovaginal septa

great care must be exercised because of the danger of fistula

formation.
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Parenthetically we may here allude to an unpleasant sequel

of radium therapy which we have seen in a few of our clinically

cured cases. It is a pain in the rectum which occasionally

becomes quite severe. It probably results from scar tissue, but

this, it must candidly be said, is only a surmise.

There are, of course, many methods of applying radium to

cancers of the uterus, according to the contour of the growth.

We vary our methods, using for this purpose either a disk-Uke

brass filter or one cylindrical in shape. The former is reserved

for cases in which there is a broad ulcerating surface, and the

latter for those in which there is a disposition to crater form.

Summary: i. Radium is the method of choice in the treat-

ment of inoperable and borderHne cases.

2. Of the three operable cases treated with radium a clinical

cure has been effected in each case.

3. Cases clinically cured by radium should not be subjected

to hysterectomy, as the operation is difhcult and dangerous.

4. Further experience with radium therapy may justify its

substitution for operation.
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DISCUSSION

Dr. a. J. OcHSNER, Chicago.

What I hsLve to say is simply a preUniinary report. Two years ago

last month my colleague, Dr. Henry Schmitz, procured a quantity of

radium, and I then placed in his hands all cases of inoperable cancer of

uterus and also 12 cases that were operable. There were 62 cases in

all; of these 35 were primarily inoperable, 15 were recurrent inoperable

cases, and 12 were operable. Of the inoperable cases 23 were appar-

ently improved and 11 of these are still well so far as the cHnical

appearance of the cases is concerned. Whether they will remain

permanently well no one can tell. One of the inoperable cases died of

acute dilatation of the heart, and we secured the entire uterus and
tissues taken from every portion of the pelvis, and in none of these

tissues could any carcinomatous cells be found. So that of the

35 cases of inoperable carcinoma, 11 are apparently well, 4 are unim-

proved, and 2 are dead. Of the 15 inoperable recurrent cases 4 are

apparently well, 2 are unimproved, and 9 are dead. Of the 12 oper-

able cases 7 are apparently well, 2 are unimproved, and 3 are dead.

So that of the 62 cases treated with radium 22 are apparently well,

8 unimproved, and 32 dead, or so slightly improved that they are

certain to succumb to the disease. All these inoperable cases are of

advanced conditions, so that of the 50 inoperable cases from the series

of 62, I am sure that more than 32 would be dead before the present

time if they had not been subjected to radium treatment. Dr.

Schmitz has reported some of these cases, and all are being carefully

followed and will be carefully reported later.

Regarding the method of treatment in these inoperable cases, we
have invariably first burnt away all of the surface that could be

destroyed with the actual cautery, burning away all of the tissues as

far as we could go without opening the rectum and the bladder. In 2

cases we were not careful enough and the bladder was opened. Then
the radium was applied. The patients returned for a reapplication

of the radium at regular intervals, and these cases have been carefully

followed. In all of the cases who became apparently well we later

removed the uterus by abdominal section. Dr. Ransohoff's idea of

not removing the uterus may be wise because we have so far found

no cancer in the uterus removed from patients in which we have
later performed hysterectomy in which the patients, as far as known,
have not had a recurrence. We are not ready to say positively what
should be done. I am sure of the 48 patients that are alive today,

8 will die, because they have recurrences which cannot be reached

Am Surg 14
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by the present treatment. Of the 22 cases that are apparently well,

I am sure quite a number would be dead at this time if we had not

used this treatment.

Dr. Robert B. Greexough, Boston.

In September of this year it will be three years since we began

work with radium on cancer cases in Boston, and we hope at that

time to have a detailed report of our results. In the use of radium in

either inoperable or recurrent cases of cancer of the uterus, so far as

concerns the palliative treatment, the improvement of the condition

of the patient, the termination of hemorrhage, and even the melting

away of tumor masses in the vaginal vault, and freeing of the uterus

to make it more mobile, quite agrees with that already reported. We
have not felt, however, that the benefit to be expected from radium

treatment at the present time would justify abandoning surgical

treatment in cases surgically operable, and I cannot report upon any

operable cases that we have treated by radium. There have been 4
cases in that group to which Dr. Ransohoff referred in which after

treatment of a tumor by radium for a certain length of time, which

appeared to be inoperable because of extension into the broad liga-

ment, the uterus became sufl&ciently mobile to make operation justifi-

able. These cases all show, also, the difficult conditions referred to,

the tense cicatricial condition of the pehds, and tendency to hemor-

rhage, and the lack of resistance to infection. Two cases had definite

symptoms of peritonitis but did not die. Four of these cases were

operated on by other surgeons, and one of them was an advanced case

in which a vesicovaginal fistula which had developed became cleaned

up under radium treatment, and this patient was operated on for the

fistula at the time of removal of the uterus with a satisfactory result,

which we took as an indication that there had been disappearance of

the cancer tissue in the lesion. There is some question as to whether

radium in small doses or at some distance may not act as you do not

want it to act in cancer—that is, as a stimulant. We do know that

results from exposure to radium are late, and one of the most constant

phenomena is a retardation of growth, even though the cells are not

actually destroyed. We should therefore give a longer time after the

treatment before we pass judgment as to the permanency of cure.

In superficial cancer on the surface of the body it has been a disap-

pointment to observe how many times recurrence has taken place.

I fear that after periods of six months, a year, or possibly two years

we shall see very definite recurrences in many of the cases which now
are apparently free of this disease.
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Dr. William B. Coley, New York.

I have no personal experience with radium in uterine cancer, but
would speak in a general way of the results at the Memorial Hospital.

The radium for general cases is in charge of Dr. H. H. Janeway,
and the uterine cases are in the care of Dr. Bailey, who recently

reported a large series of cases at the cHnical conference of the hospital,

and we see the patients frequently. While I cannot give statistics

in detail, I will say that in general our results correspond to those

reported by Dr. Ransohoff and Dr. Ochsner. We have had no case

in which the lesion disappeared and the patient remained well as

long as two years, perhaps, because we did not have large amounts of

radium until last year; we now have between 2 and 3 grams. In far-

advanced cases it has been used in conjunction with the Percy cauter\'

method, tying the internal iliac arteries (carried out by Dr. Mallet).

We have not yet reached the point of definitely advocating or using it

in purely operative cases, and we take the attitude of Dr. Greenough
in limiting its use to the inoperable and borderhne cases. If the

results reported today by Dr. Ransohoff and Dr. Ochsner prove

permanent, if a larger number of patients stay well than after opera-

tion, then there will be good reasons for employing radium in operable

cases. At present I think we should not draw the conclusion that

it should be used instead of surgery in operable cases, particularly in

early cases of cancer of the breast or of the lip, because while we may
cause a primary lesion to disappear, the neighboring glands may become
involved and a condition that might have been cured by early opera-

tion has become hopeless from any method of treatment.

Dr. Archibald MacLaren, St. Paul.

I have seen the same results after the use of the Percy cautery, as

Dr. Ransohoff and Dr. Ochsner describe, as follow the use of

radium. My experience is that if a fungaling carcinoma of the cervix

is slowly destroyed, holding the uterus in the hand meanwhile, and if

then, two or three months later, the uterus be removed, section of

the uterine tissue rarely shows any cancer cells. I think the action

of radium must be much the same as the slow heat, and still most of

these cases recur in a few months in spite of the fact that in the

destroyed uterus you cannot find evidences of cancer.

Dr. Joseph Ransohoff,^ Cincinnati (closing).

I agree with the speaker that radium should not supersede surgical

operations. One of the most beautiful primary results I ever had was

1 Not corrected by speaker.
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in an epithelioma of the lip that under a single application melted

away. That man went to his home and came back in six months

with the entire chain of lymphatic glands involved and without a sign

of recurrence in loco. I have seen one cancer of the breast disappear,

a case presented before, during, and after treatment, at the Academy
of Medicine in Cincinnati. This patient had myocarditis and would

not consent to operation. She has had two or three applications of

radium. But that is not a reason why I would even dream of sup-

plementing radium treatment for malignant disease elsewhere. In the

uterus it is different. The prognosis is so extremely gloomy that

if radium offers anything nearly as good in end-results it should be tried.

We have had three cases which would ha\e been easy of operation,

but when the matter was put before the patients they decided in faA'or

of radium. In all three the diagnosis of carcinoma was confirmed by
section. With regard to the ad\isability of operation after an appar-

ent clinical cure, I feel certain the future will tell us not to operate.

When we see a clinical cure we know that it is perhaps clinical only,

and that there are some cell nests there that are quiescent, and that

the uterus is fixed. We all know that the operation will be an incom-

plete one, and when such is done for carcinoma anywhere we know^

the disease will recur with a rapidity that would not have been if let

alone. The old adage of "let a sleeping dog rest" here obtains.



TRANSVERSE IXCISIOXS IX THE UPPER ABDOMEN

By ALEXIS V. MOSCHCOWITZ, M.D.
NEW YORK

Up to the year of 1910 it was my custom in operating upon

the gall-bladder or biliary passages to make a vertical incision

through the outer third of the right rectus abdominis, with

separation of the muscle libers. The average length of the

incision was three or four inches. The incision was extended

in one or both directions when unexpected difficulties were

encountered. If still more room was required in an upward

direction, and none was obtainable on account of the encroach-

ment upon the free border of the ribs, the incision was continued

in an upward and inward direction, with transverse or, better

said, oblique division of the fibers of the rectus; so that in these

cases the incision ultimately resembled that known in general

as Korte's incision. These incisions, as a rule, gave ample

exposure for all the required manipulations, notably simple

cholecystectomies. I have always made an effort to close the

incision by a layer suture; the first, a continuous suture line,

included the peritoneum, transversalis fascia, and posterior

sheath of the rectus; a few interrupted sutures then lightly

approximated the separated fibers of the rectus; the third suture

line of interrupted, rather heavy, chromicized catgut included

the anterior sheath of the rectus; and finally the skin was

closed by either silk sutures, or ^Michel clips.

The technic of suturing such a wound is self-evident, and to

the uninitiated apparently very easy; very frequently, how-

ever, almost insurmountable difficulties arose, especially in the
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application of the first suture line. In most of our operations,

particularly if the patient is very obese or very muscular (and

in parentheses I may add, that fully 90 per cent, of the gall-

bladder patients at my hospitals belong to the former group),

the suture of the peritoneum was extremely difiicult. The

stitches tend to cut through, and to overcome this tendency

one is inclined to include more tissue in the bite of the needle;

unfortunately, this procedure not only does not mitigate the

difficulty but actually increases it.

After a great deal of trouble, and with considerable loss of

temper, the surgeon finally succeeds in finishing the suture

line; the result, however, is not satisfactory; the suture line is

weak, and there are generally present also a number of smaller

or larger holes, which permit the prolapse of small bits of omen-

tum. In the greatest majority of the cases this suture line is

so precarious that its protective value is nil. It is, of course,

possible that it acts as a prophylactic to the formation of adhe-

sions, by preventing contact between the intraperitoneal viscera

and the extraperitoneal tissues. But even this is, I believe,

illusory, as in the secondary operations that have fallen to my
lot, I have found the adhesions to be so massive as to lead me
to suspect that the suture line gave way upon the first strain,

and not only permitted but actually invited the contact which

it was presumed to prevent. In this connection it is of great

interest to know that Sprengel found at autopsy in a few cases,

which died shortly after a laparotom}' through a vertical incision,

that the peritoneal suture line had completely separated.

In a very large number of cases even this flimsy closure was

impossible, and after vainly trying to fortify the first suture

line by including a part of the rectus, the attempt at a layer

suture was very frequently given up in disgust and the wound

had to be closed practically en masse, the first suture line includ-

ing the entire thickness of the abdominal walls, with the excep-

tion of the skin. I have often said on such occasions that by

far the: most difficult part of any operation upon the gall-bladder

or biliary passages is the closure of the abdominal incision.



MOSCHCOWITZ : TRANSVERSE INCISIONS IN UPPER ABDOMEN 215

As this incision through the upper part of the rectus is to my
knowledge the incision in greatest favor with most American

surgeons, it is somewhat surprising that expression of similar

dissatisfaction has not found its way into medical literature

more frequently. Up to a few months ago I was even under

the impression that my experience was unique, but in the Sep-

tember, 191 5, number of Surgery, Gynecology and Obstetrics I

read that Robins has experienced a similar difficulty, duplicated

a few months later by Green in the March, igi6, number of

Annals of Surgery, which has induced both authors to devise

an improved method of suturing.

This condition of affairs rendered me, therefore, very recep-

tive to suggested improvements, and in consequence I paid more

than casual interest to the striking article of Sprengel in

Archiv f. klinische Chirurgie, xcii, 537. Sprengel realized the

difficulties I have mentioned above and set out to study the

reasons for them, and was ultimately able to evolve a new

but nevertheless correct principle in abdominal incisions. It

is necessary to state, however, that the rules that have been

dictated by surgical principles in the past were also correct;

but it is strange that surgeons have universally violated these

rules by the conventional abdominal incisions. It must be

insisted that the credit which Sprengel deserves is, not that he

invented new principles, but that his incisions were the first

to correctly conform to those that have hitherto been recog-

nized.

I essayed a transverse incision almost immediately after the

appearance of Sprengel's article. My first operation is dated

August 2, 1910, or almost six years ago. In the beginning I was

somewhat diffident, and used the transverse incision only spor-

adically. My satisfaction, however, has been so great that I

am now using the incision with much greater frequency.

The correctness of the principles involved in transverse

incisions will be discussed under the following two headings:

I. The anatomy and physiology of the abdominal parietes.

II. The surgery of the abdominal parietes.
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I. The Anatomy and Physiology of the Abdominal

Parietes. The anatomy of the abdominal walls is simple.

So simple, indeed, that it is easily forgotten. I trust, therefore,

I will be pardoned if I recall a few of these simple but highly

important data.

The anterior abdominal wall is made up laterally of three

flat muscles, the external and internal oblique, and transversalis

muscles, and centrally the rectus abdominis. The three former,

having various points of origin upon the sides and back of the

trunk, finally terminate in the median line of the abdomen by

a broad aponeurotic expansion, which joins and interlaces with

a similar aponeurotic expansion of the opposite side and forms

the linea alba. These aponeurotic expansions of the muscles

are analogous to an ordinary tendinous termination of a

muscle, and have an absolutely identical physiological function,

namely, to become taut upon contraction of the muscle fibers.

In other words, such an aponeurosis attached to a muscle acts

really as if the muscle would terminate in a multitude of fine

little tendons.

In previous articles, particularly when discussing the patho-

genesis of hernia, I have frequently pkaded for the use of certain

accepted anatomical names. I do so again, and this time my
reasons are even more important than heretofore. Very fre-

quently the word "fascia" is carelessly used, when in reality

"aponeurosis" is meant. In the indiscriminate use of these

words, one forgets that the physiological functions of fascia

and aponeurosis differ widely. The function of fascia is to form

a septum between two structures, while that of the aponeurosis

is to follow the contraction of a muscle. If the latter function is

borne in mind, we will, I believe, learn to regard the aponeurosis

of the anterior abdominal wall with greater respect than we are

occasionally in the habit of doing.

While all these muscles have the same line of insertion, their

points of origin are quite different; this would also render the

direction of their force somewhat different; the dift'erence,

however, is so slight that, in view of the fact that the origin
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of all these muscles is upon the lateral and posterior aspects of

the trunk, the general direction of the force must also be in a

lateral direction.

The remaining integral components of the abdominal wall-
namely, peritoneum and transversalis fascia—do not at the

present moment call for extensive description. It is of some
importance, however, to remember that the transversalis fascia

is very delicate in the upper parts of the abdomen, it follows,

therefore, that the peritoneum, transversaHs fascia, and pos-

terior sheath of the rectus are inseparably welded together, and
that, consequently, a separate suture of the peritoneum is a
physical impossibility.

The peculiar arrangement just mentioned, and more particu-

larly the resemblance of the several aponeuroses to a multitude
of horizontally running little tendons, is of threefold impor-
tance in surgical technic: (i) that an incision in a vertical

direction will necessarily divide at right angles a large number
of the small tendon-like terminations of all three muscles;

(2) that after such division the muscles when contracting will

have a tendency to pull the wound more and more apart, and
they will continue to do so even after the incision has been
carefully sutured; and (3) that it increases very materially the

difficulties in closing the wound, because the direction of the
pull of the sutures is parallel with the tendon tibrilLT, and parallel

also with the direction of the pull.

That this is not a fanciful theory, advanced merely as an
argument to prove my contention, but an actual fact, will be
verified by the experience of any surgeon of an inquisitive mind,
and more particularly by those who frequently make use of the

so-called Kammerer incision. In order to prove my statement
it is necessary to first call attention to the difi"erence in the

arrangement of the aponeuroses of the abdominal muscles above
and below the so-called semilunar fold of Douglas. As is well

known, the aponeurosis of the transversalis muscle and the

posterior leaf of the aponeurosis of the internal oblique pass
behind the rectus muscle above the semilunar fold of Douglas
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(Fig. i), while below the semilunar fold all the aponeuroses pass

in front of the muscle (Fig. 2). Assuming now my previous

contention to be true—namely, that the difficulty in suturing

the peritoneum in a vertical incision is due (i) to the peculiar

aponeurotic termination of the fiat abdominal muscles, and (2)

to the intimate blending of the peritoneum with the posterior

Fig. I.—Transverse section of the anterior abdominal wall above the

semilunar fold of Douglas.

sheath of the rectus—it follows that the suturing ought to be

easy wherever the peritoneum is not attached to these aponeu-

roses. Peculiarly, both the positive and the negative sides of

my contention are proved perfectl}' by the Kammerer incision

(Fig. 3). We find, in fact, that suturing below the semilunar

fold of Douglas is perfectly easy, but whenever the incision

extends above the semilunar fold of Douglas the suture will be

as difficult as in an incision higher up, for instance, in the region

of the gall-bladder.

Fig. 2.—Transverse section of the anterior abdominal wall below the

semilunar fold of Douglas.

Let us now assume, for the sake of argument, that there is

no such muscle as the rectus abdominis, and that the space

normally covered by the two recti is occupied only by the aponeu-

rotic expansion of the three lateral flat muscles; and let me
furthermore assume that the space above alluded to would be

much wider and much shorter than it realh- is; does it not also
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follow that a correct surgical incision of the abdomen must be

in a transverse, and not in a vertical direction? And yet we
find that, excepting Sprengel and his few followers, most sur-

geons make their incisions in a vertical direction. To my mind
this can be due only to one of the following reasons: that a

longitudinal incision parallel to the greater length of the trunk

seems to be a more cosmetic one; or a fear of dividing trans-

versely the presumably very important rectus abdominis; or

the inviting ease with which the abdomen can be opened; or a

Fig. 3.—A Kammertr incision exlcnding above the semilunar fold of

Douglas.

simple passive acquiescence in conventional methods; or per-

haps a combination of these reasons.

I also believe that much of the confusion is due to the name,

"sheath of the rectus," which has been given by anatomists

to this part of the aponeuroses of the three lateral flat muscles

of the abdomen, because one is involuntarily inclined to look

upon the "sheath of the rectus'' as an integral part of the

muscle, and that, therefore, its action and direction is dependent

upon the muscle. As a matter of fact, the reverse is true; the

rectus muscle is attached onlv anteriorlv to the sheath, and even
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here only at the three so-called lineas transversae, while its

attachment to the posterior sheath is very loose and readily

broken up. The lineae transversae before mentioned do not

penetrate the entire thickness of the muscle but merely its

anterior third or half. They, however, serve quite adequately

to subdivide the rectus into comparatively short segments.

As these segments have independent nerve supplies, it follows

also that injuries to the muscle are confined at most to one

Fig. 4.—Diagram illustrating the nerve supply of the anterior abdominal wall.

particular segment and do not influence the entire length of the

muscle. This is of some importance to surgeons who practise

transverse incisions, inasmuch as the gap caused by transverse

division of the muscle in a particular segment is not near as

large as it would be if it were pulled apart by the entire length

of the muscle. Furthermore, it also follows that such a gap is

very readily approximated, and after healing has taken place

the final result represents merely an additional linea transversa.
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All vertical incisions of the abdomen except those made exactly

in midline violate another very important rule of surgical

incisions, or at least run great danger of violating it—namely,

that they come into conflict with the nerves supplying the

rectus abdominis. These nerves, as is well known, enter the

sheath of the rectus laterally; and have in general a transverse

or slightly oblique direction (Fig. 4). They are therefore

exposed to injury by every vertical incision. On the other

hand, a transverse incision runs parallel with the nerves, and

consequently the risk of injury is only very remote.

II. The Surgery of the Abdominal Parietes. The requis-

ites of a correct surgical incision may be discussed under the

following headings, in the order of their occurrence:

1. Ease of execution as far as "getting in" is concerned.

2. Amplitude of exposure.

3. Ease of execution as far as ''getting out" is concerned.

4. Postoperative comfort.

5. Cosmetic results.

6. Late results.

I. Ease of Execution as Ear as ^^ Getting In'' is Concerned.

Although this paper is written to advocate transverse incisions,

I can best discuss the above heading by exposing the relative

advantages and disadvantages of the vertical and transverse

incisions. In general, it is agreed that the easiest, and at the

same time also the quickest, way to enter the abdomen is by

means of a longitudinal incision in the linea alba; no structures

of great importance are encountered, and practically no vessels

require ligation. Next in ease of execution are longitudinal

incisions to the right or left of the median line, with blunt separa-

tion of the fibers of the rectus; in the lower half of the abdomen

the deep epigastric vessels, in the upper half the superior epigas-

tric vessels may be injured, but can be readily controlled; if

the incision crosses one of the tendinous inscriptions of the

rectus, a few additional transversely running vessels may require

ligation. Care must be exercised not to divide the nerves, which

enter laterally, but, as a rule, they can be retracted unless the
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incision is very long. Next in ease of execution are the incisions

modelled after the Kammerer incision, with retraction of the

rectus either toward or away from the median line; a slight

delay may occur in liberating the anterior sheath of the rectus

and its outer margin at a tendinous inscription. All in all

these incisions are very simple and can be rapidly carried out;

candor compels me to add that, compared to these incisions, a

transverse incision is quite a complicated surgical procedure.

Theoretically, the making of a transverse incision is very

simple; everything is divided in a transverse direction ;> in

practice, however, the procedure is not quite so simple. Let us

assume, for instance, that the incision is to be very short, say,

one for exploratory purposes, or through one rectus only (Fig.

5). Whereas, vertical incisions do not bleed at all, or only

slightly, the bleeding in transverse incisions may be annoying.

The vessels run parallel with the muscle fibers, and within the

substance of the rectus abdominis, so that if cut, the vessels

retract with the muscle fibers; they are caught only with diffi-

culty, and when caught their ligation is not at all an easy matter.

If the incision is to be longer and the median line has to be

crossed, we are likely to come into conflict with the round and

falciform ligaments of the liver. Occasionally, the unibilical

vein running within the round ligament is not completely

obliterated, and if carelessly divided may be the source of annoy-

ing primary or secondary hemorrhage; it is therefore best

to take care of it in every case by preliminary transfixion and

ligation. The rectus of the opposite side is now divided to the

necessary extent, again encountering and dealing with branches

of the superior epigastric \'essels. A complete incision with

division of both recti would therefore have the appearance as

seen in Fig. 6.

Both Sprengel and Bakes advocate a method which differs

somewhat from the preceding. They wish to avoid a division

• It must not be forgotten, however, that the word "transverse" is used here

to denote an incision at right angles to "vertical." In fact, only the rectus

muscle is divided tran§versely, while all the other structures arc in reality

divided longitudinally.
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@

Fig. s.—Two transverse incisions in the upper abdomen.

Fig. 6.—Transverse incision through both recti.
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of the second rectus, and attain this by a sharp division of both

the anterior and posterior sheaths, while the muscle itself is

merely retracted (Fig. 7). I have attempted to do so in a few

cases, but found a very strong tendency on the part of the rectus

to tear; on that account, and also because I do not fear any

more a transverse division of the rectus, I have abandoned the

method and now boldly incise the second rectus for the requisite

length.

Fig. 7.—Sprengel incision with retraction of one rectus.

Transverse incisions in the upper part of the abdomen are

useful in all operations upon any organ in that location. They

are particularly indicated in operations upon the stomach and

gall-bladder. It is with some regret, therefore, that I see Spren-

gel describing an incision for operations upon the gall-bladder,

which is not sensu stridu transverse, because it runs parallel

with the free border of the ribs, ends in a hook at its outer

extremity, and then runs upward and outward parallel with the

external oblique. The disadvantage of this incision is that it

is more liable to injure some of the nerves supplying the rectus.
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I have therefore never adopted this particular recommendation

of Sprengel, but use with the greatest satisfaction for all gall-

bladder operations a straight transverse incision. Incidentally,

I may add that Bakes practises the same incision as I.

Surgeons when first attempting a transverse incision rather

fear a complete transverse division of the recti because they

expect that an unclosable gap will result thereby. Soon after

Sprengel first described the method, modifications were pro-

FlG. 8.—Double transverse sutares to fasten the rectus to its anterior sheath.

posed in order to prevent this contingenc}'. I mention par-

ticularly Perthes (Zentralblatl f. Chirurgie. IQ12. 1251), who
advises a double transverse line of sutures (Fig. 8) to attach

the rectus to its sheath. As Perthes feared that in applying these

sutures the needle might penetrate the abdomen and injure

an underlying viscus, he advised to first open the peritoneum

at the linea alba and then to use a finger introduced through

this button-hole as a guard (Fig. 9). Long before I knew of

Am Surg 15
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this method I also made use of transverse sutures, but have

never seen any injury, provided a little care is used. I believe,

however, that the great advantage of these sutures is not

because they prevent retraction of the rectus, but because they

act as a very efficient prophylactic hemostatic. I therefore

continue to use some such suture line, and find that the time

apparently lost in their introduction equalizes itself by the

gain in time when the vessels do not have to be caught and

ligated individually.

Fig. 9. -Perthes's method of introducing the double transverse line of

sutures.

In conclusion. I wish to assert most emphatically, that I

have purposely gone into the minutest details in describing

the technic of making a transverse incision, and have really ex-

aggerated the disadvantages, because barring those enumerated,

everything else is absolutely in favor of the transverse incision.

2. Amplitude of Exposure. In the upper part of the abdomen

I prefer an incision approximately two inches above the umbili-
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cus; this may therefore be called my "normal" incision. The
incision divides first either the right or the left rectus, depend-

ing upon the diagnosis of the case. As a general rule the

incision is made through the right rectus for all operations upon
the gall-bladder and biliary passages and through the left rectus

for all gastric operations. I may also add that by dividing the

right rectus aJone ample exposure is obtained for a cholecystec-

tomy, which is my operation of choice in cases of cholelithiasis;

but in the complicated operations upon the hepatic or common
ducts I do not hesitate to also divide a part of the left rectus.

Similarly, an ordinary gastro-enterostomy. with or without

exclusion of the pylorus, can be done with ease by dividing

only the left rectus; but in a pylorectomy for carcinoma with

adhesions, or in excisions of ulcers upon the lesser curvature,

perhaps high up near the cardia, I do not hesitate to extend the

incision, so as to also divide a part or whole of the right rectus.

In no instance in my experience did I find any necessity to curve

my incision upward or downward.

The exposure obtained from such an incision is beautiful;

above all it should be noted that even when the patient strains,

the stomach and intestines stay in the abdomen, and but very

little packings are required to keep them so.- I have frequently

finished a gastro-enterostomy without having a single packing

within the abdomen. , The doing away with packings ought to

be particularly welcome, because it doubtless aids in preventing

many postoperati\e adhesions. I absolutely cannot agree with

Kehr (Archiv f. klinische Chirurgie, xcvii, 74), who in con-

demning transverse incisions uses as one of his arguments the

necessity of many packings. In view of my experience this

argument of Kehr is so surprising that I simply cannot account

for it on any reasonable grounds. As it is, many of the argu-

ments advanced by Kehr in favor of his "Wellenschnitt." and
in opposition of all transverse incisions, such as ability to operate

with only one assistant, the avoidance of instrumental retractors,

the ability to use massive tamponade (it is well known that

Kehr has very peculiar ideas regarding the after-treatment,
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which are not shared by many surgeons) are strange to say the

least.

In cases of obscure diagnosis, or when the incision is made for

the purpose of exploration only, transverse incisions in the

upper abdomen are particularly advantageous; by extending

the incision in one or another direction, any operation on any

viscus in the upper abdomen may be undertaken, obviating, as

I have frequently seen, the necessity of two separate incisions

in cases of mistaken diagnosis.

It is self-evident that transverse incisions in the upper part

of the abdomen should be of additional advantage, because

all of the organs in the upper abdomen—namely, the free edge

of the liver with the gall-bladder, the stomach, the entire trans-

verse colon, and the pancreas—run parallel with the greatest

length of the incision, and greater areas of these organs can be

more readily exposed through such an incision.

Should drainage be necessary, the drain is allowed to emerge

at any convenient point, and does not interfere with the subse-

quent closure of the wound. I may also mention here that

the subsequent scar is not weakened by the drainage, and that

I have never seen a hernia result.

Objection might be raised to the transverse incision by the

fact that it is difhcult to expose through such an incision in the

upper part of the abdomen the viscera situated in the lower

part of the abdomen and pelvis. In reply, I can only say that

upon a number of occasions I have removed the appendix through

such an incision; and that if a major operation is to be done

upon the pelvic organs, usually a separate incision must be

made, no matter whether the first incision is vertical or trans-

verse.

3. Ease of Execution as Far as '^Getting Out^' is Concerned. I

have conceded a slightly greater difficulty, and also a trifle

longer time in "getting into" the abdomen, if comparing the

transverse with the vertical incision; the time so lost will,

however, be made up during the operation per se, owing to the

more perfect exposure, while during the closing of the wound
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there will actually be time gained. I make this statement with

circumspection and yet definitely, because Sprengel, the origina-

tor of the method, contradicts himself somewhat regarding this

point. On page 574 (loc. cit.) he makes the statement that in

difficult cases the suturing of a transverse incision takes twenty-

five to thirty minutes; while on page 590 he states that the

much relaxed peritoneum, transversalis fascia, and posterior

sheath of the rectus permit of an easy and rapid closure of the

abdomen at the end of the operation. Even Kehr {Archiv f.

klinische Chirurgie, xcvii, 80), who, as is well known, is partial

to his "Wellenschnitt" in all gall-bladder operations, and there-

fore condemns the transverse incision, praises the ease of closing

the latter; he explicitly says that it was the only point about the

incision which pleased him.

My method of closing the wound is the following:

Assuming that the incision does not extend beyond the limit

of one rectus, a strong artery forceps first marks each angle of

the incision. It has already been emphasized that the peritoneum

is so intimately united with the overlying structures that no

attempt is made to isolate it; the first suture line therefore

includes not only the peritoneum but also the transversalis

fascia and the posterior sheath of the rectus, which, as is well

known, is composed in this part of the abdomen of the blended

aponeuroses of the transversalis muscle and posterior lamella

of the aponeurosis of the internal oblique. As suture material

I use either iodin catgut or, in very muscular individuals, chromi-

cized catgut. The actual suturing proceeds easily and in a very-

leisurely manner up to the point at which the posterior sheath

of the rectus joins the anterior; when this point of the suture

line is reached the suture is tied (Fig. 10).

If the falciform or round ligament of the liver has been divided,

it is now repaired by one or two sutures.

If more than one rectus has been divided, the remainder of

the incision is now sutured in the manner outlined.

If drainage is used, the suture line is interrupted at the site

of the drainage and is finished on the other side of it in the

usual manner.
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The greatest saving of time is effected in this part of the

operation. It actually must be seen or, better still, done in order

to be appreciated. I make this assertion not only on practical

grounds, but also on theoretical grounds. In the previous pages

I have already pointed out that a suture of a longitudinal

incision is difficult on both anatomical and physiological

grounds. If this statement is accepted to be true, and if the

difficulty is really due only to certain definite anatomical reasons.

Fig. 10.—Suturing of the peritoneum and posterior sheath of the rectus.

then the converse must be also true, namely, that suturing of a

transverse incision must be easy. This is really so for several

reasons: (i) because the suture line is not pulled asunder by

the divided muscle, and (2) because the suture line approximates

not a lot of little tendons, but acts as if it would tie together, as

it were, a mass of little tendons.

All surgeons must be aware of the difficulties encountered

in closing the peritoneum in a customary vertical incision; and

after succeeding in finally closing it, how distressingly flimsy it
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is. Compare that with the playful ease with which the suturing

or a transverse incision is done, and compare it with the evident

firmness of this suture fine, and I am confident even the most

skeptical will be convinced. I am sure most surgeons must

have experienced a dread of the entire suture line being torn

open by the first straining eftorts of the patient, but no such

danger arises in a transverse wound no matter how much the

patient strains ; on the contrary, the sutured edges only become

tighter.

Fig. II.—Mattress sutures to appro.ximate the divided rectus.

A couple of sutures are passed, mattress fashion, through each

rectus and its anterior sheath (Fig. ii); these when tied approxi-

mate the cut edges of the fibers of the rectus and obliterate

what otherwise might be a dead space. The incision in the

anterior sheath of the rectus is then closed by interrupted

chromicized catgut sutures (Fig. 12).

It being impossible to make a layer suture of the linea alba

after a transverse division, this structure is repaired in every
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instance by as many interrupted through-and-through stitches

as are indicated; usually two or three suffice. Finally, the skin

is closed in the ordinary manner.

4. Postoperative Comfort. ]\Iy experience with transverse

incisions leads me to unhesitatingly state that soon after opera-

tion, patients with transverse incisions are in every respect much
more comfortable than patients with vertical incisions. I have

also noted that the vomiting is less in frequency and amount;

Fig. 12.—Suture of the anterior sheath of the rectus.

but even if they vomit, it is associated with much less distress.

There also appears to be much less pain in general, and particu-

larly during all those functions which invoh-e a strain upon the

suture line, such as vomiting, sneezing, coughing, etc. It is

self-evident why this must be so; in a vertical incision, during

straining, the incision and suture line are pulled and torn apart,

while in a transverse incision the opposite happens, namely,

a relaxation of the parts.
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I have also gained the impression that transverse incisions

heal much more kindly than vertical incisions. I am at least

certain that a few days after a major operation, such as pylorec-

tomy or excision of a gastric ulcer or cholecystectomy, patients

beg for food and for permission to leave the bed. I certainly

have not seen such occurrences in a similar length of time in a

vertical incision.

5. Cosmetic Results. The cicatrices resulting from a transverse

incision remain as a fine line permanently and show no tendency

to broaden like the best-healed longitudinal cicatrices. This is

not at all surprising, and is just what might be expected. A

K s

Fig. 13.—Cicatrix following transverse incision of the upper abdomen.

study of Langer's "split lines (Spaltlinien)," as illustrated in

Kocher's Operative Surgery, not only invites a transverse incision

in the upper part of the abdomen, but actually forbids a vertical

one. I have watched these cicatrices very carefully, and I

assure you I do not exaggerate when I state that most of them

are hardly recognizable after a while, and must be searched for

after the primary pinkness has faded away (Figs. 13, 14, and 15).

This is practically analogous to the transverse incisions upon the

neck, which, as is well known, give much finer and prettier

scars than do longitudinal incisions. The site of drainage is

drawn in slightly, but is not at all conspicuous or unsightly.
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6. Late Results. The five requisites of a surgical incision of

the abdomen which have been discussed thus far are all ver}'

Fig. I-).—Cicatrix following transverse incision of the upper abdomen.

important; they, however, play merely a secondary role in

comparison to the late results. I refer particularly to the ques-

tion of postoperative hernia. A perfect final result, as far as

postoperative hernia is concerned, depends upon a number of

GT^
Fig. 15.—Cicatrix following transverse incision of the upper abdomen.

factors. I do not intend to discuss these at length, but I may be

permitted to refer briefly to some of them, as my experience
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has taught me that a number are influenced particularly advan-

tageously by a transverse incision.

Surgical opinion is agreed that one of the most important

factors in the prevention of postoperative hernia is a properly

executed suture of the wound. I have already pointed out how
difficult this part of the operation is in the customary vertical

incision and have also discussed the reasons for the difficulties.

It is perfectly manifest, also, that such a poorly apphed suture

line is so flimsy at the termination of the operation, and so full

of larger and smaller holes, as to permit of herniations or pro-

lapses of the underlying omentum. If it does not do so imme-

diately it does so very soon after the suture has been exposed

to the first strain. If this manifestly inadequate suture line is

compared with the very strong and firm suture line resulting

from a sutured transverse incision, the superiority of the latter

becomes absolutely evident.

It should furthermore be remembered that in the vertical

incision the contractions of the lateral abdominal muscles have

a strong tendency to pull the suture line farther and farther

apart, while in the transverse incision the contractions of the

lateral abdominal muscles not only have no such tendency,

but, on the contrary, there is a strong tendency to approximate

the edges. In other words, a particular advantage of this suture

fine lies in the fact that not only does it look beautiful at the

moment of its application, but it, so to say, stays "put" subse-

quently also. It must be presumed, therefore, that such a

perfect suture line must be an effective aid in the pre\'ention of

postoperative hernia.

Let us now examine a later stage of a transverse incision,

which has healed by primary union, and has remained healed

for some time. The peritoneal and aponeurotic incisions having

been incised parallel with the course of the fibers, and having

been sutured in the same direction, have doubtlessly united in

an ideal manner. The only structure which was divided con-

trarily to correct surgical axioms is the rectus abdominis, and

it is this part of the incision which requires careful scrutiny. I
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have frequently placed myself on record as denying the gener-

ally assumed important role of the muscles in the prevention of

a hernia, and I ascribe this function only to the fascial and

aponeurotic structures of the abdominal wall. Let us assume,

however, for the sake of argument, that the rectus abdominis

does share in this function; it is important, therefore, to inquire

into the condition of the rectus after its division and healing.

I have had occasion to reoperate on such patients only twice,

and on both occasions I was surprised to find only a minimum
amount of a very firm cicatrix in the substance of the rectus

muscle; practically, it was analogous only to an additional linea

transversa. The nutrition of the muscle is apparently unim-

paired, and as its nerve supply has not been interfered with its

full function is also retained.

Bakes {Archiv f. klinische Chirurgie, xcvi, 205), who was one

of the first to put the Sprengel incision to a test, and who pub-

lished his results in 275 cases, goes even so far as to say that

in his experience it made no difi'erence whether the rectus muscle

was sutured or not; and even the cases in which no sutures

were used to approximate the divided rectus healed ideally and

were not followed by a hernia.

It is conceded, in general, that a most importa.it factor in

the production or prevention of a postoperative hernia is the

amount and duration of drainage. In this connection I would

therefore call attention to the fact that for a number of years

it has been my custom to drain all cholecystectomies by a rather

good-sized drainage tube, which is surrounded by strips of gauze,

so that the final drain has a diameter of nearly one inch. It

is also my custom to remove the gauze on the fourth or fifth

day, while the tube drain is shortened gradually, and is not

removed permanently until the tenth or twelfth day. In other

words, my drainage is bulky, and is certainly continued long

enough. In spite of this fact I have not seen a single case of

postoperative hernia. The only difi'erence to be seen between

the drained and undrained cases is that there is a slight retrac-

tion, not a bulging, at the site of the drainage.
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I know it is frequently stated that even a vertical incision is

not followed by a hernia; but I also know that this statement is

not warranted by experience. I have personally operated upon

a number of herniae following gall-bladder and other operations

through a vertical incision.

In this connection a short abstract of the history of the follow-

ing case might be of some interest.

Gussie S.. aged twenty-six years, was admitted to ]Mt. Sinai

Hospital November 4. 191 2, with the diagnosis of intestinal

obstruction. A more definite diagnosis could not be made, but

the few existing physical signs led me to the belief that the

seat of the obstruction was located in the upper part of the

abdomen. At that time (November, 191 2) I was not as yet

convinced of the far-reaching possibilities of the transverse

incision. I therefore first made a vertical incision through the

upper part of the left rectus, very near the median line. I found

a perfect example of that t\pe of intestinal obstruction fully

described by Payr, namely, dense adhesions between the left

half of the transverse and upper half of the descending colon,

with involvement of the splenic flexure; the descending colon

was absolutely collapsed while the proximal part of the trans-

verse colon and the ascending colon were dilated. In order to

obtain a better exposure I added a transverse incision, so that

the incision finally resembled an L. The adhesions were sepa-

rated, and when this was done the descending colon became

distended with gas. The patient recovered. Primary union

was obtained. I had an opportunity to examine this patient

February 24. 191 6, and found that the transverse cicatrix was

solidly healed, but the vertical part of the incision had stretched

and was the seat of a ventral hernia.

After all. these arguments are only theoretical. The best

way, in fact, I might say the only way, to judge of the late results

of an abdominal incision is by examining patients after a con-

siderable time. Fortunately, this has been possible in a fair

percentage of my cases.
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I find that I have operated 97 cases through a transverse

incision, viz.:

Cholecystitis ^various forms), 36 cases.

Intrahepatic cholelithiasis with carcinoma, i case.

Abscess of the liver, 2 cases.

Gastric ulcer, 6 cases

Perforated gastric ulcer, 2 cases.

Pyloric ulcer, 5 cases.

. Duodenal ulcer, 13 cases.

Recurrent duodenal ulcer, i case.

Perforated duodenal ulcer, i case.

Carcinoma of the stomach, 11 cases.

Carcinoma of the stomach and pancreas, 2 cases.

Perigastric adhesions, i case.

Contraction of gastrojejunal stoma, i case.

Gastrocoloptosis, 2 cases.

Pyloric stenosis, 2 cases.

Intestinal obstruction; pericolic adhesions, i case.

Carcinoma of pancreas, i case.

Carcinoma of transverse colon, i case.

Torsion of omentum, i case.

Chronic pancreatitis, 3 cases.

Multiple cysts of kidney, i case.

Undefined abdominal pain, 3 cases.

The following operations were conducted on these patients:

Cholecystectomy, 31 cases.

Cholecystectomy and choledochotomy, 6 cases. .

Cholecystostomy, 2 cases.

Choledochoduodenostomy, i case.

Incision and drainage of abscess of liver, 2 cases.

Gastrojejunostomy (posterior retrocolic), 29 cases.

Closure of perforated gastric ulcer and gastrojejunostomy,

2 cases.

Closure of perforated duodenal ulcer and gastrojejunostomy

I case.

Excision of gastric ulcer, i case.
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Partial resection of stomach, 3 cases.

Pylorectomy, i case.

Coffey-Beya operation, 2 cases.

Liberation of perigastric adhesions. 2 cases.

Liberation of pericolic adhesions, i case.

Extirpation of omentum, i case.

Colosigmoidostomy, i case.

Appendicectomy, 3 cases.

Transperitoneal nephrectomy, i case.

Exploratory laparotomy, 7 cases.

Nine of these patients died during their stay in the hospital; 6

patients died after their discharge from the hospital at intervals

varying from a few months to over a year; 3 patients probably

died, as they were afflicted with a fatal malady; 12 patients

could not be traced. Deducting all these there are available

for examination 67 cases. I have personally examined every

one of these cases at the time of writing this paper, and did not

find a single hernia. The period of observation is from a few

months to almost six years.

In discussing the question of postoperative hernia after

transverse incisions, 2 of my cases are of special interest, because

they prove two very important points: (i) that a perfect

result can be obtained, even after relaparotomies, and (2) that

an excellent result can be obtained even after very imperfect

suturing, and in the presence of infection.

Case I.—Rose B., aged forty-six years, was admitted to Mt.

Sinai Hospital December 23, 191 2, with a history of repeated

attacks of cholecystitis extending over a number of years. She

was operated upon by me December 26, 191 2; the operation

was a cholecystectomy, and was done through a transverse

incision through the right rectus; patient was discharged with

a well-healed cicatrix January 9, 1913.

Patient was readmitted January 27, 19 13, and stated that

for the past five days she had been again suffering from attacks

of pain in the epigastrium, which were severe enough to require

the administration of morphin.
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The presence of a slight but undoubted subicteric tinge of the

sclera complicated the clinical picture.

Patient was kept under observation for a few days, but finally

the general condition deteriorated to such an extent, that explora-

tion was decided upon. February 6, incision through the old

scar. A constricted loop of small intestine was encountered

adherent at the site of the previous operation; in liberating this

loop it was damaged to such an extent that I found myself

compelled to resect four inches, after which I made a side-to-side

anastomosis. After considerable difficulty the common duct

was isolated, incised, and probed in both directions. No obstruc-

tion was found, but it was drained, nevertheless, by a T tube.

The wound was closed in layers.

The postoperative course was marred by pneumonia and

pleurisy. The biliary discharge continued for a very long time and

the fistula did not close finally until March 17. Even then the

convalescence was very slow, and the patient was not dis-

charged until April 12.

I saw the patient January 15, 1916, or just three years after

operation, and the result was ideal in every respect; the scar

was absolutely firm.

Case II.—Morris T.. aged forty-one years, wis admitted

to my service at Mt. Sinai Hospital November 19. 1914, with

a history of an ulcer of the stomach of fourteen years' duration.

Patient was operated upon, by a transverse incision, through

both recti, on November 25. The operation consisted of an

excision of an ulcer of the stomach situated upon the posterior

wall near the cardia. The subsequent closure of the defect of

the stomach was exceedingly difiicult. The postoperative

course was very stormy, as the patient vomited continuously

and required very frequently repeated lavage. This put such

a strain on the sutured abdominal incision that I was not at

all surprised to find on December 3 that about four inches of it

had separated. I therefore resutured it without any anesthetic.

On December 5 the persistent vomiting and inability to retain

any nourishment compelled me to reopen the abdomen through
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the original incision for the third time for an intestinal obstruc-

tion due to a band. The operation lasted but a very short time,

as all that was necessary was to divide a band; patient, how-

ever, went into a deep collapse. In order to ob\date a death

upon the operating table I hurriedly closed the wound with five

through-and-through silk sutures.

To my surprise and gratification this patient also recovered,

and was finally discharged January 9, 191 5. The wound,

although infected and only very inadequately sutured, healed

with a perfect scar, and in spite of these disadvantages no trace

of a hernia was to be seen at my last examination, March 26,

1916.

Bakes (loc. cit.) reexamined sixty-seven of his cases operated

through a transverse incision and has not found a single hernia.

Bakes's period of observation is much too short for a final judg-

ment, and I hope that perhaps my small statistics will aid in

elucidating this point.

Am Surg i6



MORE RADICAL TREATMENT OF DUODENAL
AND GASTRIC ULCER

By JOHN B. DEAVER, M.D.
PHILADELPHIA, PA.

In my remarks upon the question of dealing more radically

with duodenal and gastric ulcer than has been the practice,

until recently at least, I will be brief.

It is now known that duodenal ulcer is more frequent than

gastric ulcer. Duodenal ulcer is most often located upon the

anterior and lateral wall of the first portion of the duodenum.

The next most common site is the posterior wall of this portion

of the intestine, and the least common site the inner pancreatic

w^all of the second portion of the duodenum.

When the ulcer is small and is located upon the anterior wall

of the first portion of the duodenum it is my practise to excise

it, close the opening in the intestine, plicate the duodenum, and

make a posterior gastro-enterostomy. When an ulcfer in this

portion of the intestine is large, or the indurated area is large,

but extending short of the head of the pancreas, I amputate the

duodenum below the lesion, purse-string it, invert, excise the

pylorus, and make a posterior gastro-enterostomy. When the

ulcer is on the posterior wall of the first portion of the duodenum,

and not too adherent to the posterior abdominal wall to permit

of freeing the duodenum, I practise the same technic as in large

ulcers upon the anterior wall.

When the amputation of the duodenum is made so close to the

head of the pancreas as to preclude the use of the purse-string

suture and inversion, I adopt one of two procedures, namely,

(i) dissect the inner wall of the duodenum free from the pancreas
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(taking care not to injure the common bile duct), purse-string

it, invert and reenforce the Hne of the duodenal stump with great

omentum, or (2) if this cannot be safely done, close the end of

the duodenum with a continuous chromic catgut stitch and sew

the head of the pancreas over the duodenal stump. This I have

done in many cases, with good results up to the present. The

chief point for discussion in the latter technic is the effect that

the pancreatic ferments may have upon the transplanted duodenal

stump or, per contra, the possibility that infection from the duo-

denal stump may be communicated to the pancreas.

In acute perforation of a duodenal ulcer it is my practise to

make a posterior gastro-enterostomy at the primary operation.

I have now operated upon 44 patients in this manner, with but

I death. My reasons for advocating this procedure are (i)

in order to place the ulcerated area immediately at rest; (2) to

secure the ultimate advantage of the operation, which is curative

in many cases; and (3) because my experience with it has been

so satisfactory and entirely outweighs any theoretical objections

that may be made against it.

The most common site of ulcer of the stomach is at the pylorus,

and the most common form of ulcer the chronic indurated. Next

in frequency of location is the lesser curvature, the posterior

wall, the margin of the esophageal opening, and the fundus.

The chronic indurated ulcer of the pylorus I always treat by

making a pylorectomy. When the induration of such ulcer

involves the lesser curvature in proximity to the pylorus I make
a subtotal gastrectomy.

Small ulcers of the lesser curvature with but little induration

are better dealt with by excision: first open the lesser peritoneal

cavity by breaking through the superior layer of the gastrohepatic

omentum and ligate the arteries to either side of the ulcer, then

excise the ulcer, close the opening in the stomach by oversewing

the mucous membrane with a continuous chromic catgut suture,

and with the same suture oversewing the remaining coats, and

completing the closure with a continuous Lembert (Dupuytren)

catgut or linen suture.



244 DEAVER: treatment of duodenal AMD GASTRIC ULCER

When the ulcer is on the lesser curvature and the induration

involves, to a considerable extent, the anterior and posterior

walls of the stomach, it is my practise usually to make a cir-

cular resection with end-to-end union. In the latter t^-pe of

ulcer if the condition has involved so much of the anterior and

posterior walls of the stomach as to cause the hour-glass stomach

I make a circular resection in some cases, while in others I make a

gastrogastrostomy between the pouches and a posterior gastro-

enterostomy with the pyloric pouch. When the ulcer is located on

the posterior wall, excision through the interior of the stomach

is the operation of choice. In the latter operation, having excised

the ulcer and closed the stomach, in order to insure against any

possible chance of leakage, I open the lesser peritoneal cavity

by going through the anterior layer of the gastrocolic omentum,

expose the posterior wall of the stomach at the site of the sutured

ulcer, and reinforce the line of suture with a continuous Lem-

bert (Dupuytren) suture, afterward closing the opening in the

gastrocolic omentum.

Any ulcer that has not gone deep enough into the mucosa

to cause hemorrhage, that has not obstructed the pylorus, or

remaijied chronic long enough to be indurated, can only be

demonstrated with certainty by opening the visci.s to inspec-

tion; this I have done a number of times. This t^-pe of ulcer

should be treated by operation. Gentle palpation of the stomach

may detect such an ulcer, yet, as a rule, an ulcer in this stage

can only be located by incision and inspection.

Mrs. , aged fifty years. Feeling of pressure in epigas-

trium. Two years ago began with a feeling of pressure and ful-

ness in the epigastrium, at which time her feet commenced to

swell and remained swollen for a week. Always has consider-

able gas; eructates freely; frequent vomiting, never preceded

by nausea, and occurs independent of taking of food. Never

jaundiced. Never any very severe pain. Bowels constipated.

Has lost seventeen pounds in the last year. During this time has

been under medical treatment without any result.
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Personal Medical History. Ordinary diseases of childhood.

Nervous breakdown two years ago, when she was operated on

for laceration of cervix; peritonitis following operation.

Urine: Sp. gr., 1080; faint trace of albumin ; otherwise normal.

Test meal: Free HCl, 50; total acidity. 70. Occult blood

faintly positive to benzidine and negative to guaiac.

Full meal: Removed in eight hours; 60 c.c. recovered. Free

HCl, 18; total acidity, 38. Occult blood positive to benzidine

and negative to guaiac.

Operation. Abdomen opened; small hardened area, size of

No. 8 shot, felt in the lesser curvature of the stomach. This

had been demonstrated by x-ray examination as an ulcer by Dr.

Cole, of New York. Gastrotomy, hardened area exposed, and

found to be due to a small ulcer which had involved the mucous

and muscular coats. Ulcer excised. Culture of interior of the

stomach taken at the time of the operation; sterile.

In my opinion, as well as in the opinions of others, posterior

gastro-enterostomy does the greatest good when the pylorus

is obstructed. In ulcers located other than at the pylorus this

operation does but little if any good, and if any only by allowing

enough bile and pancreatic juice to enter the stomach, thus pro-

ducing a neutralizing effect upon the hydrochloric acid. That

this operation accomplishes any good by drainage alone I think

is doubtful. To repeat, when this operation accomplishes most

good is when there is y^yloric obstruction and when the ulcer

has been excised.

I have, however, seen good results from a posterior gastro-

enterostomy with occlusion of the pylorus in multiple erosions

(Dieulafoy ulcer) of the stomach, causing repeated bleedings.

It is not my practise to advise operation in these cases until

medical treatment has been tried or a focus of infection, such

as a diseased appcndbi or gall-bladder, for example, has been

removed.

When excision of the ulcer has not materially interfered with

the mechanics of the stomach, with the exception of the pyloric

ulcer, posterior gastro-enterostomy should not be done. I never
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make a posterior gastro-enterostomy in the central resection of

the stomach, for example.

Ulcers of the margin of the esophageal opening and of the

fundus of the stomach, if we are fortunate enough to see them

very early, before there is much induration, could be excised.

Ulcers in these locations, I admit are rare, but that we occasion-

ally meet with them in an advanced stage we must admit. I

have seen a few cases of carcinoma in these locations which

I believe w^re implanted on ulcer.

To summarize, I have come to the conclusion that all ulcers

of the duodenum or stomach are best treated by excision.

In the presence of a strong cUnical probability of gastric ulcer

supported by positive .r-ray evidence or doubtful findings to

palpation and inspection, I do not hesitate to perform gastrot-

omy in order to settle the matter by inspection of the mucosa.

In the individual case the advisability of excision depends upon

the local condition. No ulcer should be excised when subse-

quent closure and anastomosis present too great operative hazards.

It is in such cases that operations which depend upon drainage

and alteration of gastric chemistry have their held.

These desultory remarks have been made chiefly to encourage

discussion that I may learn the views and practis-j of my col-

leagues who operate on a large number of duodenal and gastric

ulcers.



THE TECHNIC AND THE MANAGEMENT OF
OPER.\TIONS ON THE ST0:MACH

By GEORGE W. CRILE, F.A.C.S.

CLEVELAND, OHIO

Although surgery of the stomach has attracted to its problems

the most gifted men of their day—from Billroth to Mayo;

although every trick of technic, every plan of management

suggested by intense study and large opportunity has been

employed, yet the mortality rate in major cases remains high.

If there is to be improvement over the results already secured,

it is obvious that it will not be from improved judgment, nor

from greater experience or more skilled technic, but that improve-

ment will come through the application of some other factor.

It is only by extending our vision so as to comprehend more

completely the patient as a whole as well as the local lesion that

progress will be made.

If we bear in mind that Ufe is possible only in an alkaline

medium; that the sources of the alkalinity of the body are food

and water, and that the mere expression of life—the maintenance

of body heat, the production of muscular action and emotion,

and the injury of body tissues—produces acid by-products, then

it is readily seen that in a patient whose food intake has been

reduced to a minimum by pyloric obstruction, the ability of

the body to maintain its alkalinity will be correspondingly

diminished and the patient will easily be pushed beyond this

low margin of safety by the acid-producing factors of the

operation.

It becomes obvious, therefore, that in these cases we must aim
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to increase the reserve alkalinity; and to diminish or control

the production of acids in the operation itself.

First, the reserve alkalinity may be increased by a.dministering

approximately 2000 c.c. of normal saline solution subcutaneously

the afternoon and evening before and on the morning of the opera-

tion; and giving approximately 100 grains of sodium bicar-

bonate by mouth or by rectum. Perhaps the most important

pre-operative procedure is a night of natural or artificial sleep,

since the real lesions produced by acidity are repaired only during

sleep.

Second, the acid-producing factors connected with the opera-

tion are worry, exertion, inhalation anesthesia, the cutting and

handling of unanesthetized tissue, and postoperative pain.

Fear and worry are largely in the control of the surgeon and

nurses. In bad risks the indications are for nitrous oxide anal-

gesia; anesthesia only during the period of manipulation, local

anesthesia throughout; feather-edge dissection; minimum hand-

ling; quinin and urea infiltration of the abdominal wall; opium

to control postoperative pain; normal saline solution subcuta-

neously until food is taken and a 5 per cent, solution of sodium

bicarbonate and glucose by the Murphy drip. The patient

should be propped up in bed early; put on his feet early; and

should be in condition to go home early.

In doubtful cases, if resection is to be done, the operation, as

Lilienthal has suggested, should be performed in two stages;

the first a gastrojejunostomy, follow^ed by the resection in about

a week or ten days. At the end of this interval the nutritional

balance will have been immensely improved, the reserve alka-

linity will have increased, and the morale of the patient will

be improved.

As Mayo has indicated, an ample incision is made, and, as

in all anociated operations, the skin incision and every division

of nerve-bearing tissue is preceded by the injection of novocain;

and immediately after opening the abdomen a massive infiltra-

tion with quinin and urea hydrochloride is made at a distance

from the line of incision. As to the length of the loop of jejunum.
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we are satisfied that no absolute rule should prevail except that

it should be long enough to He comfortably and easily. This is

as much a matter of mechanical adjustment as is the work of

an engineer or a joiner. So. likewise, the direction in which the

jejunum shall be turned depends upon the position of the gastro-

jejunostomy opening in the stomach. If the opening in the

stomach is far to the left of Treitz's Ugament so that the pull

will be toward the left, then the jejunum should take its course

to the left. As shown by Hartman, it is better to make the

stoma in the stomach as near the pylorus as is mechanically

feasible. In the large majority of cases, therefore, the anasto-

mosis falls to the right of Treitz's hgament, in which case the

jejunum is carried from the left to the right.

As to the position and direction of the opening in the stomach,

obviously, as we have already stated, it should be near the

pylorus, and we are satisfied that it is best to make the

incision in the stomach along the middle zone, where there are

fewer bloodvessels and parallel to the long axis, as thus the

stomach will lie comfortably along the long axis of the jejunum.

I cannot conceive that the traction of the jejunum to the left or

right, or the position of the stoma in the stomach, whether verti-

cal, transverse or longitudinal, can have any influence whatso-

ever upon the passage of the food out of the stomach or on the

propulsion of the food after it has reached the intestine. The

opening has no propelling power; that power lies in the mechanism

of the stomach and the jejunum. The opening in the mesocolon

is best made by sharp knife dissection rather than by a blunt

perforation or by a tear made by traction, as thus more defin-

itive and purposeful control of the opening is possible. We
suture the mesocolon opening an inch up on the stomach wall,

so that this portion of the stomach goes down through the meso-

colon like a hopper and the freedom of the ends of the jejunum is

unhampered. \Vc believe that this is preferable to suturing the

mesocolon opening upon the line of suture at the stoma between

the stomach and the intestines, as in this position it may produce

kinking at the point of junction between the ileum and the stomach

.
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As to the first line suturing, we agree with ]Mayo. that silk and

linen should be avoided. We use chromic gut for the sutures

that come in contact with the mucosa. For the peritoneal layer

we use interrupted silk sutures made as Gushing right-angled

stitches. These stitches include the muscular coat and are so

placed as to be equivalent to a continuous suture. At the point

where the stomach and jejunum are approximated we put in

two or three carefully placed interrupted sutures so that the

duodenum is brought in contact with the stomach wall on each

side of the incision for a distance of from a half to one inch.

The main suture which controls absolutely both hemorrhage

and leakage is made with the shoemaker stitch, the introduction

of which is facilitated greatly by the Bartlett needle and suture.

The shoemaker stitch includes the entire structure and strength

of the wall of the stomach and intestine.

The Resectiox'. In most cases it will be found that the

gastrojejunostomy and the interval of adjustment have accom-

plished for these patients what the delay of a week accomplishes

for fractures of the patella; what iodoform gauze packing accom-

phshes in the first stage of a laryngectomy; what acute salpin-

gitis does for later salingectomy. In each instance the protective

reserves against infection are called out into the lo.al field and

a local immunity against infection in the later operation is thus

guaranteed. Usually very few fragile adhesions will be found

and the entire operative field will be easily mobilized. The gastro-

jejunostomy will appear as if it were a natural opening. In most

instances no pull or strain will be necessary to develop the field,

and the gastrojejunostomy will not interfere with the elevation

of the stomach for the resection. The stomach is carefully

divided with a cautery between Payr's clamps, and the margins

of the division are sterilized with the cautery. The searing

should be done so slowly that not a drop of blood will appear

on the surface. But another and most vital purpose is achieved

by this cauterization. One of the commonest dangers in opera-

tions for cancer an\'\vhere is that of cancer implantation on the

fresh tissues. The searing makes a drv, charred surface which
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cannot sustain cancer growth. Therefore the cautery steriHzes

against pyogenic infections and against cancer growth, and
prevents bleeding—three of the most important considerations

in gastric resection. As in the gastro-enterostomy, protection

against leakage or hemorrhage is secured by the shoemaker

stitch, and to make assurance doubly sure a special invaginating

silk stitch is put around each angle with a final separate layer

of right-angle silk stitches. The duodenal end is inverted by a

purse-string suture.

Clinical Re.sults. The total number of operations on the

stomach by my associates, Drs. Bunts and Lower, and myself and
in the Lakeside surgical records are 468. Comparing our previous

results with those since the foregoing principles have governed us,

Dr. Lower and I have preformed, up to May i. 127 operations.

In this series there have been 2 deaths.
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DISCUSSION OX THE PAPERS OF DRS. MOSCHCOWITZ,
DEAVER AND CRILE

Dr. Howard Lilexthal, New York.

My remarks will be confined to a discussion of Dr. Moschcowitz's

paper. He has done \\"isely to adopt this method. About four

years ago he tried to persuade me to take it up and I rather vehemently

stated that I would never do so. About a year ago I was con\inced

when he showed me a patient on whom he had operated three times,

the last time in the presence of suppuration, the patient in a bad con-

dition. He had made closure by through-and-through sutures with-

out any particular attempt to make an accurate apposition. A year

later I saw this patient and there was not the slightest sign of hernia.

I have adopted this method in 36 gall-bladder operations and num-
bers of others during this year. Altogether I may safely say that there

were 45 cases. Among these there were 2 patients who had been

pre\iously operated on by the old sagittal incision. One of these was

a case of adhesions and one of stone in the common duct following

cholecystectomy. These patients had known the sensations, com-

forts, and discomforts of the vertical incision. Both, without a

word from me, stated that the last operation was much more "com-

fortable" than the first one, and this I believe was due to the trans-

verse incision. Other patients ha\'e appeared to me much more

comfortable than those cut sagittally. I have changed a little the

technic of the author and I believe he will adopt this when he sees

its advantages. I make the incision as he does except in gall-bladder

cases, where I cut higher just to escape the tenth rib. After putting in

the muscle-retaining sutures of chromicized catgut I leave the ends

long. Ha\'ing incised the peritoneum the sutures may be used as

tractors and to evert the edges of the wound. The intestines do not

push into the field and the exposure is the best imaginable. If

necessary to expose the stomach for operation the wound may be

extended. It is much larger than an up-and-down wound, but much
less shocking. Postoperative hernia must be very rare. With this

incision you can expose and operate in any part of the upper abdomen.

The common duct may be easily explored. The retaining sutures

compress the sagittal bloodvessels, but if there is bleeding the edges of

the wound can be everted and inspected.

I consider Dr. ]Moschcowitz's paper most timely and important.

Dr. Randolph Wixslow, Baltimore.

I want to call attention to an accidental observation on this same

subject, occurring at the University Hospital in Baltimore, when a



TECHNIC OF OPERATIONS ON THE STOMACH 253

negro man slashed %\dth a razor the abdomen of another, making

almost the incision described here. The Uver was cut extensively,

and my assistant. Dr. Newcomer, sutured the liver wounds with great

ease and closed the abdominal wound, and the patient made an

absolutely good recovery. I was particularly struck \Aith this and

had the case pubHshed in a local journal, calling attention to the fact

that the incision was almost identical with the transverse incision

now being advocated.

Dr. Ellsworth Eliot, Jr., New York.

I quite agree with Dr. Moschco\\-itz that the transverse incision

in the upper abdomen can be done as quickly as the vertical, and that

it gives a much more extensive exposure of the different organs. I

beUeve, also, that subsequent hernia is rare, and that this desirable

result, due in part to the conservatism of the nerve supply of the

rectus muscle, is chiefly to be ascribed to the fact that it is inherently

a muscle-splitting operation, particularly of the transversalis, which,

in this region, contributes more to the strength of the abdominal

wall than either of the obliques.

The crucial test of the strength of abdominal scars, as Dr. Lilienthal

has suggested, is pecuUarly applicable to scars following operations

for infectious processes. In cases of this character, the repair by

granulation after a transverse incision is much more rapid and is

associated with much less gaping than is the course with the vertical

incision, while the resulting scar is firmer and of much smaller pro-

portions. In regard to the technic of the transverse incision, I

would mention the fact that opening the peritoneal cavity at the

outer margin. of the rectus permits a satisfactory digital exploration

of the nature of the lesion ; that through this small opening the question

of operability can often be decided. If the incision is to be extended

across the rectus muscle, the finger passed into the abdomen toward

the Hnea alba behind that structure, serves as an admirable guide on

the insertion of the inclusive muscular sutures and the subsequent

division of the muscle proper.

I quite agree with Dr. Moschcowitz's conclusions and believe that

this incision is in every way more satisfactory than either the para-

vertical or midvertical incision.

Dr. John F. Binnie, Kansas City, Mo.
Closure of a vertical wound in the upper abdomen is almost always

a matter of difficulty. The jieritoneum and the aponeurosis of the

transversalis are hard to approximate and from them sutures tear

out so easily that one always suspects that that line of suture will
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give way, causing subsequent adhesions and trouble. Transverse

incisions not only give good access to the upper abdomen but are ^•ery

easily closed. The aponeuroses being split in the direction of their

fibers, the incision is really physiologically longitudinal. It takes

longer to open the abdomen by the transverse cut but closure is

much more rapid and satisfactory. My results have, unfortunately,,

not been quite so perfect as those of Dr. Moschco^\itz, as I have had
one hernia develop. Questions of priority are always somewhat of

a nuisance, but it seems to me that some American surgeons and
Maylard, of Glasgow, antedated Sprengel in this work.

I would like to ask Dr. Martin if the flap of omentum which he

uses as a sort of winding sheet in stomach wounds is pedunculated or

non-pedunculated

.

Dr. Charles L. Gibson, New York.

I will presume that it is legitimate to discuss the subject of pyloric

occlusion, although the reader of the paper with that title made little

mention of it. With the cooperation of Dr. Beckman, I made a

series of experiments on the usefulness of the various methods advised.

The upshot of this investigation was that even with the more radical

methods—resecting the tube of mucous membrane and narrowing

the lumen—the continuity of the stomach with the duodenum was

eventually always restored. It is possible that some form of occlu-

sion produced by the mild operations may suffice temporarily, and
we have occasional e\ddences that they do. It may be that the

temporary occlusion may suffice to bring about cure or amelioration

of some lesions. That is a dubitable point. My results have been

distinctly poor and it is some time now since I have }delded to the

temptation to do an occlusion, and it is doubtful if I shall continue

to do so unless I meet extraordinary conditions.

As regards the treatment of perforating ulcers of the stomach

and duodenum, the question has been largely of recent years as

to whether or not a gastro-enterostomy is a necessity or advisable

after the closure of the ulcer by a suitable method. My own feeUng

has been that unless there is some very definite indication to over-

come mechanical obstruction produced by the closure of the ulcer

that gastro-enterostomy alone suffices. On the other hand, why not

do a gastro-enterostomy to cure this ulcer as any other ulcer? I

believe that very few of these ulcers will ever give trouble. That is a

hard thing to state unless one has made very careful investigation of

all of one's material. With a very limited recent material I have

made such a study and it has been very gratifying. We found that

the cases reported as more improved were the cases of longer standing.

If I could do 40 operations for the acute perforation of gastric or
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pyloric ulcers and have only i death, as reported by Dr. Deaver, I

should feel as he does; but I cannot do it, and but few people can.

I object to gastro-enterostomy as a routine performance; the results

in the hands of men of little skill will hardly be considered gratifying.

Dr. William A. Downes, New York.

In reference to Dr. Martin's statement that the mucous membrane
at the sphincters is sufficient to support the lumen of the gut after

the circular muscle is di\'ided, I would say that this is especially true

in pyloric obstruction in infants.

I have used the Rammstedt operation, which consists in di\iding

the circular muscle fibers down to the mucous membrane in 51 cases.

In no instance has the mucous membrane gi\en way. Xo attempt

was made to cover over the incision made through the peritoneum

and muscle by peritoneum, omentum, or other structure.

Dr. George E. Brewer,^ New York.

I would hke to ask Dr. Crile in closing the discussion to tell us what
he has found the best means of producing postoperative sleep. We all

recognize the great necessity of producing sleep in the first twenty-four

or forty-eight hours after operation, and any suggestion which he
may have to make I am sure would be received with interest.

Dr. Alexis V. Moschcowitz, New York (closing).

In my paper I am reporting a case in which I was compelled to

make an incision somewhat in the shape of an L, that is, a vertical

incision to which a transverse incision was added. This was before

I was absolutely convinced of the safety of the transverse incision;

in other words, this was merely an emergency effort. The patient

was discharged with a scar that had healed by perfect primary union.

I was able to trace this patient, and on examination three years

later, I found the transverse part of the incision to be absolutely firm^

but the vertical part of the scar had stretched and had become the

site of a hernia.

Dr. Edward Martin-, Philadelphia (closing).

In answer to Dr. Binnie's question, I would say that we use pedun-
culated flaps. This work was designed in part to show that it is

unnecessary to turn in a carefully apj^lied first-line suture, or to ai)ply

any suture at all, providing the mucosa be uncut. Thus, it is possible at

times to operate without producing an immediate obstruction to the

pyloric or duodenal lumen, which necessarily would call for a gastro-

jejunostomy.

1 Not corrected by speaker. - Paper not received in time for publication.
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Dr. John B. De.wer, Philadelphia (closing)

.

I would like to say to Dr. Crile that I think overmedication of his

patients has something to do ^^ith their sleeplessness after operations.

1 give as Uttle medicine as possible and have little trouble in getting

my patients to sleep; I rarely give morphin before or after operations,

and they all sleep, and it is not the everlasting sleep either. I do

occasionally gi\'e hydrate of chloral alone or in combination with one

of the bromide salts, as taught by Dr. Horatio C. Wood, St., who was

one of the greatest physiological therapeutists of his time (hydrate

of chloral 12 to 20 grains vdih 60 grains bromide of sodium given in

2 ounces of milk by rectum)

.

Dr. George W. Crile, Cleveland (closing).

I have not gone as far nor taken as desperate a course as Dr. Deaver

suggests, and I think Dr. Deaver misunderstands me entirely, for I

was not discussing insomnia in my own cases. Let me call attention

to this fact, that when we are at a meeting and not at our job we often

try to speak very optimistically of our patients.

In answering Dr. Brewer's question, I should like to say that if a

patient has but little pain and no nausea he is very apt to sleep pretty

well; but I have never been able myself to have my patients get a

comfortable first night routinely. There are three things I would

emphasize in regard to sleep and necessary rest. First, that one rarely

finds much nausea or vomiting if the patient has an adequate water

equilibrium. In a bad case we take no chances but give water not

only by mouth but subcutaneously, say 2000 c.c. durin'^ the twenty-

four hours before operation. Second, in a bad risk after the operation,

in the first twenty-four hours we give 2000 c.c. of water subcu-

taneously and follow that with soda bicarbonate and a 5 per cent,

solution of glucose per rectum. Third, if the patient has pain I do

not hesitate to give morphin. Rest is essential if the patient is to

recover. Patients do not get well without sleep. Nausea ^^^ll rarely

occur with a water equilibrium and without ether. I like ether

anesthesia for my o%mi convenience in operating, and chloroform even

better; but the patient does not like either as well as nitrous oxide,

and one can get through the operation with nitrous oxide if he is

willing to adapt the operation to the patient by using local anesthesia

in addition to the nitrous oxide, gi\'ing ether only if necessary- to

secure relaxation at certain steps of the operation. A patient with a

minimum amount of pain and no nausea is apt to rest quietly. I feel

in this regard that the best trained assistant in the nursing department

should be the night supervisor.



METHOD OF TREATING CYSTS OF THE BREAST

By FRANCIS J. SHEPHERD, M.D., LL.D., F.R.C.S.

MONTREAL, CANADA

A NUMBER of years ago I was asked to assist a surgeon in an

operation for the removal of the breast from the wife of a col-

league. The case was supposed to be malignant, without any

involvement of the axillary glands; the tumor was hard, nod-

ulated, had been noticed for some weeks, and appeared to be

increasing in size; it was situated in the lower zone of the right

breast. The breast was removed, and on examination the tumor

proved to be a simple cyst containing clear fluid; it was so full

of fluid that there was no sensation of fluctuation. This case

impressed me much, and I then suggested to my colleagues that

if the cyst had been tapped it would have collapsed and there

would have been no necessity of removing the breast.

After this» in any doubtful case, I always put a needle into

the growth; if it was cystic, the fluid was evacuated and the

tumor instantly disappeared; if it was a solid growth, it was

easy to tell. In some cases of scirrhus the resistance and pecu-

liar sensation conveyed enabled me to make a diagnosis. As

long as the fluid evacuated from the cyst was clear, I had no

doubt of its non-malignancy; but if it was bloody fluid, then the

case was operated upon. The following cases taken at random

from my note-book will do for illustration

:

Case i.—Miss D., aged forty-eight years, came to me in

May, 1900. complaining of a swelling in the left breast; it was

painless, but she felt some discomfort from it. She had only

noticed it for a couple of weeks. On examination I felt a smooth.

Am Surg 17
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round, hard tumor in the left lower quadrant; the glands in the

axilla could not be felt. I did not think it malignant, but as a

matter of procedure, put in a needle and immediately evacuated

nearly two ounces of clear fluid. I did not see her for some time,

then she told me the fluid had partially recollected, but gave

her no discomfort. I saw her a few days ago (February, 1916);

she was quite well and no tumor could be detected in the breast.

Case II.—Mrs. F., aged forty-five years, came to see me in

June, 1903, to get an opinion on her case, as a surgeon whom she

had consulted told her she had cancer of the breast and it must

be removed. She had a hard lump on the inner side of the left

breast which she had noticed for some months; she thought it

was growing. Never had an injury to the breast or sore breast

when nursing. The lump on the inner side of the breast was of

apparently stony hardness. As is my custom, I put in a needle

and immediately evacuated two drams of clear fluid. She had

a little soreness and some inflammation after the puncture

but this soon subsided and the cyst never reappeared. The

next year she came back to me with a similar tumor of the right

breast, which was quite evidently a cyst. Some time later this

was tapped and nearly an ounce of clear fluid evacuated. A
rather hard base could be felt after the tapping. This patient

lived until 191 5, and died of some disease unconnected with the

breast.

Case III.—Miss K., nurse, aged forty years came to me in

July, 1907, for my opinion, as the surgeon for whom she worked

told her she had malignant disease and wanted to remove the

breast. She had noticed the growth some time, but did not

think it had grown lately. Had some time before been struck

in the breast by a delirious patient. On examination I found a

hard tumor apparently the size of a pigeon's egg on the inner

side of the left breast. No enlargement of axillary glands.

I put a needle in and evacuated about half an ounce of clear

fluid. There was no further trouble, and she is still well (1916).

Case IV.—Mrs. B., aged forty-four years, married; has three

children, the youngest fifteen years. She was sent to me in
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February, 1910, by Dr. H., for the purpose of having the breast

removed for supposed maUgnant tumor. The patient never

had any trouble while nursing, but a few months ago received

a severe blow on the right breast. She noticed the tumor three

weeks before coming to me. The examination showed a lump

the size of a pigeon's egg, very hard, non-fluctuating, on the

right lower quadrant of the breast. There was a small hard

nodule above the nipple. A needle was put in and two or three

drams of a rather thick, milky fluid withdrawn. The tumor

immediately disappeared. On March 25, 1915, she returned

with the tumor above the nipple, seen on the first occasion as

a very small nodule, much enlarged. This was tapped and clear

yellow serum escaped. I had not seen her after the first tapping

five years before, and had told her to come back should the

nodule above the nipple enlarge. There was no trace of the

first cyst tapped.

These are a few examples of the cases treated, and by this

simple procedure a positive diagnosis was made and the anxieties

of the patient greatly reHeved and without the necessity of an

operation, even a minor one. In multiple small cysts this method
is of no value and the breast ought to be removed. I have seen

and tapped many cases, and as they have never returned I pre-

sume they went on favorably. These cases I have been unable to

trace.
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DISCUSSION

Dr. Samuel J. Mixter, Boston.

I am sorty to disagree with my friend Dr. Shepherd, but I have had

certain experiences which lead me to beUeve that it is very dangerous

to trust to tapping a cyst of the breast. I have tapped a good many,
but certainly none within the last ten or fifteen years. One thing

that made me change radically was the fact that I operated on a

case of a very malignant tumor of the breast where as good a surgeon

as Dr. Warren had tapped a cyst several times ; a perfectly simple cyst

apparently, but it became malignant. Cancer of the breast can be

cured. It can be cured after the cancer has formed, but much more

easily before it forms. In other words, I belie^•e that ever}' tumor of

the breast should be removed absolutely; I do not believe in tapping.

Dr. George E. Brewer,^ New York.

I want to agree with Dr. Mixter in this matter. It seems to me
that the great majority of cases we get after thirty-five are simply

cysts of the senile parenchymatous degeneration. Here we may
have a number of small cysts with but one or two very prominent,

and this would be the only pathological condition one would feel on

examination. We all know from the studies on the subject that

this is a pre-cancerous condition in a great majority of cases, or at

least in a large number of cases. Particularly the adenomatous t\-pe

which has been described so carefully in the literature. These two

t}pes merge into one another, and where we know a certain number

of cystic types become carcinomatous and a large proportion of

adenomatous t\-]3e also, it seems to me this condition should not be

treated by simple tapping. Such treatment teaches us nothing about

the case. Let me emphasize again that after thirty-five years of age

the great majority of cysts in the female breast either are cancer or

have a potential malignancy.

Dr. Fran'cis J. Shepherd, Montreal (closing).

I am only gi\'ing you my experience which has extended over forty

years, and I must say I have had no such results in the development

of malignancy as mentioned today, but I grant that it may be because

I have been unusually lucky. If the fluid evacuated is clear, then I

do not fear malignancy; but if it is bloody, then malignancy is very

likely, and the breast should be removed.

1 Not corrected b}' speaker.



THE IL\DICAL OPER.\TIOX FOR CAXXER OF THE
RECTUM AND RECTOSIGMOID

By WILLIAM J. MAYO, M.D.
ROCHESTER, MINNESOTA

It is my purpose in this communication to discuss briefly

five problems connected with cancer of the rectum and recto-

sigmoid: (i) operability; (2) operative mortality; (3) operative

disability; (4) function following operation; and (5) permanent

cure. The discussion is based on a study of 753 patients whose

histories were recorded in the clinic between January i, 1893,

and December 31, 191 5. Of these 430 were subjected to radical

operation.

Operability. From January i, 1910, to December 31, 1915,

619 patients with cancer of the rectum and rectosigmoid pre-

sented themselves for examination. A radical operation was

performed on 312. In 186 the disease was so far advanced that

operation was not advised; in 32, operation, though advised,

for various reasons was not performed; in 89, on abdominal

exploration the condition was found inoperable and the opera-

tion was terminated either as an exploration or as a palliative

colostomy. Eliminating the 32 cases in which operation was

advised but not performed, we have 275 belonging to the group

in which a radical operation was not thought possible against

312 in which radical operation was performed, an operabiUty

of 53.1 per cent. It is interesting to note in this connection

that Harrison Cripps found it advisable to perform the radical

operation on only 107 of 445 patients, an operability of less than

25 per cent.



262 mayo: cancer of the rectum and rectosigmoid

In the three years just passed (1913, 1914, and 191 5) 277

patients with cancer of the rectum and rectosigmoid were

examined and 199 were subjected to radical operation, an opera-

bility of 71.8 per cent., the increase being due to the fact that

we did not refuse radical operation because of the local extent

of the disease unless it involved structures which made its

eradication impossible. In 6 cases a total hysterectomy was

performed coincidentally because of extension of the disease

to the uterus. The posterior wall of the vagina was removed in

12 cases. In 6 a part of the posterior wall of the bladder was

resected. The whole or a part of the prostate and one or both

seminal vesicles were removed in 11. In two instances, the

pelvic portion of one ureter being involved, the diseased portion

was resected and the ends of the cut ureter were tied with

catgut, without causing marked symptoms from the complete

obstruction of the ureter. In another patient the greater part

of the membranous urethra, the prostate, both seminal vesicles,

and the posterior half of the neck of the bladder were involved;

these were removed. The patient lived nearly three years in

good health before dying of metastasis. In 5 cases one or more

loops of small intestine were resected because of direct extension

from rectosigmoid cancer.

Ill-advised operations added very largely to the mortality,

and in many instances had it been possible to know in advance

the extent of the disease we would not have operated. It is a

fact, however, that many patients with advanced disease not

only reco\'ered from the operation but remained well, and those

who survived the operation and died later of recurrence, received

greater palliation and longer lease of life than would have followed

colostomy.

Cancer of the rectum is not prone to early h-mphatic involve-

ment, tending to remain a localized process until late. In no

case was lymphatic extension alone the cause of inopcrability.

Some patients in whom the rectal glands were involved have

recovered and remained well following the radical operation,

but none of our patients in whom the inguinal glands were
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involved made a permanent recovery even after most extensive

glandular excision. The most frequent cause of inoperability

was local extension of the disease to neighboring organs; the

next in frequency was metastasis of the liver; and the third,

peritoneal and retroperitoneal metastases.

Cancers which involve the upper rectum cannot be separated

surgically from cancers of the terminal sigmoid. There seems

to be a marked tendency for high cancer of the rectum to invade

the sigmoid and those in the sigmoid to extend into the rectum

proper. Hence it may be impossible to determine whether a

given growth was primary in the terminal sigmoid or in the

upper rectum. It seemed wise, therefore, to classify high rectal

and terminal sigmoid cancers in one group as rectosigmoid

cancers. In this group the question of operability is most

difhcult to decide.

Theoretically, at least, the abdominal cavity should be explored

in every case of carcinoma of the rectum because of the frequency

with which metastases in the liver or peritoneal cavity are to be

found, and unless such an exploration be made before a radical

operation is undertaken, a number of patients will be subjected

to a serious and mutilating operation without the possibiHty

of cure.

Oper,\tive Mortality. The tnortality of the operation itself

depends, to a large extent, on what cases are accepted for radical

operation and how radical an operation is performed. For ex-

ample, we performed 30 radical operations by the Harrison Cripps

method without a death, but the number of cases in which this

operation may be applied is limited if the patients' best interests

are considered. Cases which, in our early experience, we would

not have considered operable we now subject to operation for

reasons already given. Again, an operation considered sufiti-

cient in the first period was not considered sufhciently radical

at the later period. Of the 753 cases a radical operation was

performed in 430, with an operative mortality of 15.5 per cent.

During the period from 1893 to 1910 the operative mortality

was 17.8 per cent.; from 1910 to 1913 it was 17.7 per cent.,

with an operability of 51 per cent.
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For the years 1913, 1914, and 191 5 the mortahty averaged

12.5 per cent, and the operability 71.8 per cent., although the

types of operation were more radical. Increased experience has

now brought this mortahty under 10 per cent. Wiser selection

of cases will still further reduce the mortality.

Comparison of the mortality in cancer of the rectum of various

clinics shows that low mortality is coincident with low operability.

An operabihty of 25 per cent, in our clinic would have reduced

the mortality to a point under 5 per cent., since it would have

eliminated cases with advanced disease which give the high mor-

tahty. It is a question of an advancing frontier in which large

operability gives high mortality and a low percentage of cures,

with the paradox that when the total number of cases is taken into

consideration it will be found that a larger number of patients

have been cured. In other words, operative mortality means

nothing unless the total number of cases examined is taken into

consideration.

All patients dying in the hospital after the radical operation

were classified, without regard to the length of time that elapsed

before death occurred, as having died from operation. Many of

these patients died after some weeks from nephritis, cardio-

vascular disease, etc., which they had at the time of the operation.

However, there seems to be no way of properly estimating mortal-

ity without including them, and a certain amount of statistical

hardship must be accepted in order that we may have a common
basis for computation. Consent is obtained for necropsies on

about 95 per cent, of the patients who die in the clinic. In

operative cases we make it a rule that the operating surgeon or

one of the surgical assistants shall attend the necropsy in order

that his exact technical knowledge of the operative procedure

may aid the pathologist in arriving at the primary and con-

tributory causes of death.

Among the factors which tended to increase the mortality

was obesity, the fat patient, especially the male, giving almost

a prohibitive mortality from the one-stage combined abdomino-

posterior operation. However, obese patients withstood well the
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two-stage operation and also operations of the perineal or pos-

terior Kraske type, though in the case of very obese individuals

the colostomy itself was sometimes made with difhculty and was

attended by a very considerable risk. In such patients we have

not infrequently made the posterior radical operation in a single

stage without exploration or colostomy, completing the opera-

tion with a posterior anus at or near the normal situation.

The important causes of operative mortahty were:

I. Sepsis, 39.8 per cent. The sepsis was due usually to soiling

the wound or peritoneal cavity during the operation with intes-

tinal contents. This occurred most frequently in cases in which

the growth had caused obstruction; consequently, radical opera-

tions are seldom permissible until the obstruction has > been

relieved. In cases of this kind the two-stage operation proved

of the greatest value. The colostomy reheved the obstruction

and made possible thorough cleansing of the lower fragment

which, by reducing the infection, tended to produce more favor-

able conditions for operation later. The disadvantage of this

method lay in the fact that the bHnd stump created between

the colostomy and the point where the lower sigmoid was turned

in behind had a tendency to develop late infections, fistulas,

etc., in the posterior wound. It would appear that the percent-

age of deaths from sepsis was too high, and undoubtedly this

is true. Few of the patients in whom the growth was movable

died from sepsis following operation, but we found it exceedingly

difficult to prevent soiling of the wound in those cases in which

the rectum was fixed and the growth had completely penetrated

through the walls of the rectum, especially when this fixation

took place in a situation where the peritoneal cavity was involved.

This was particularly true of the rectosigmoid cases in which

the operation was necessarily performed from above; cases

often complicated with abscesses in the pelvis and adhesions

to the small intestines. In this group the mortality was more

than 30 per cent. One might well ask : Is it justifiable to attempt

the radical operation under these circumstances? The answer

depends upon the point of view. Colostomy in advanced disease
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is a most meager palliation, and the fact remains that in nearly

20 per cent, of such extremely advanced cases in which the

radical operation was performed a five-year cure was obtained.

2. Nephritis, 13 per cent; usually an acute nephritis super-

imposed on a chronic process. Infections, hemorrhage, and inter-

ference with the function of the bladder played a considerable

part in its production. The postoperative subcutaneous intro-

duction of fluids into the general circulation is most important

in preventing this complication.

3. Undiscovered metastatic tumors, 10.5 per cent. Unfor-

tunately, abdominal exploration does not always reveal such

growths, especially when they are buried in the substance of

the liver, by all odds the most common condition. Small areas

of cancerous involvement in the peritoneum and posterior

fatty tissue are also sometimes overlooked. Patients with metas-

tatic cancer have little vitality and often die from exhaustion

following an operation which would not have been performed

had the true condition been known. By more thorough explora-

tion some of these operations and deaths could have been avoided,

though not all.

4. Hemorrhage, 6.5 per cent. While no patient died from

hemorrhage directly, two died from so-called seconc'ary shock,

due to loss of blood from poorly controlled hemorrhage. In the

remaining cases in this group hemorrhage was the chief factor

leading to infection and exhaustion. We have not found that

extensive operations of themselves have added very greatly to

the mortality unless accompanied by increased loss of blood.

In other words, unless there has been hemorrhage, I have not

seen shock, the patients being in excellent condition at the com-

pletion of the most formidable procedures. Prolonged opera-

tions with great traumatism may cause shock without actual

loss of blood, but the condition is the same, the blood being

withdrawn from the general circulation and lying in the sud-

denly dilated venous trunks of the abdomen.

5. Obstruction of bowels following operation, 3 per cent.

In closing the gap in the pelvic peritoneum to prevent the small
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intcutines entering the space from which the growth has been

removed a continuous chromic catgut suture should be used.

I lost two patients some time after operation from chronic

obstruction of the bowels, because I had used interrupted chromic

catgut sutures, and following the operation, part of the lateral

wall of the small intestine had pushed through a little crevice

in the suture line. In one case death was due to the inclusion

of both ureters in suturing the peritoneum to close the pelvic

cavity. The ureters had been in full view, but too much of

the peritoneum and lateral structures of the pelvis were taken

up in the suture in the attempt to secure a firm closure. The

remaining deaths were due to exhaustion and occurred usually

some days or weeks after operation.

Operative Disability. Asepsis leads to primary wound

healing. We have had patients leave the hospital with com-

pletely healed wounds in sixteen days and return to their employ-

ment in thirty days. Infected wounds were often six to twelve

weeks in healing, and three or four months occasionally elapsed

before the patients returned to work.

Function following Operation. The best function that

we have been able to obtain following operation has been after

the tube method of resection described by Balfour, and the C. H.

Mayo method of direct end-to-end union between the end of

the sigmoid and the anal canal. The Weir method of invagi-

nating the growth through the anus—amputation and direct

through-and-through suture from the mucous surface—has

given excellent results, but the invagination method can be

practised in only a small number of cases. The attempt to save

function, however, has been one of the most common causes

of technical failures resulting in sepsis and death or failure to

obtain permanent cure. In order to save function, modifica-

tions were made in the operative technic resulting in a less

thorough eradication of the disease. Patients, as a rule, were

willing to accept a definite increase in possible mortality and a

reduction of prospects of permanent cure that a function so

highly desirable might be obtained.
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The manner of performing colostomy does not seem to have

made much difference in the ultimate functional results, but. in

any event, the opening should be made well above the pudendal

hair, which, when soiled, tends to uncleanliness and fecal odor.

We have had good results with the Littlewood method, which

places the colostomy in the waist line above the left antero-

superior spine of the ilium. This obliterates the peritoneal

space to the left of the colostomy and prevents the small intes-

tine becoming incarcerated and adherent in this situation. In

two cases in our experience colostomy in the left rectus muscle

was followed by obstruction of the bowels from this cause.

Mixter advises making the colostomy in the midhne just

beneath the umbilicus, and we have used this situation in a

number of instances with satisfaction. The Mixter colostomy

furnishes direct access to the lower sigmoid and rectum and facili-

tates cleansing, when made as the first stage of a two-stage

operation. It also appears to be less liable to late infections in

the blind end following th€ radical operation. Moreover, it

rapidly terminates a midline exploration or radical operation by

placing the colostomy in the upper end of the working incision,

and the results are so satisfactory that we are employing it

extensively.

Care in regard to diet, the development of a forty-eight-hour

habit of bowel movement, and the use of a large amount of

water as an enema to empty the large bowel thoroughly once

in twenty-four to forty-eight hours does much to render the

management of a colostomy successful. The radical operation

of Harrison Cripps, while applicable only to cancer of the low

rectum and anal canal, gives marvelously good functional results.

In those cases in which extensive dissections about the bladder,

prostate, urethra, etc., have been made, the return of control

of the bladder is sometimes slow. One of our patients lost con-

trol of the bladder to a large extent permanently, and catheter

life is necessary. This patient is impotent.

Permanent Cures. Of the 430 patients on whom a resection

was done, 364 recovered from the operation. Eliminating those
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who were operated on less than three years ago, we have 33.3

per cent, who Hved three years or more and 28.3 per cent, who
lived five years or more after the operation. These percentages

may be increased fairly to 37.5 and 35.8 per cent, respectively

by subtracting from our mortality figures the normal M. A. death

rates for corresponding ages for periods of three and five years

i. e., 4.2 and 7.5 per cents.

^
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DISCUSSION

Dr. Ellsworth Eliot, Jr., New York.

In cases of rectal carcinoma associated with pehac abscess I

understood Dr. Mayo to say that occasionally no operation should

be attempted. Is it not usually necessary in this group of cases to

provide one exit for the pus? In several cases of this character

the severe pains and peritoneal irritation justified an operation,

although the extent of the carcinoma precluded its radical removal.

I would like to ask Dr. Mayo if he has found that rectal carcinoma,

associated with this complication has proved capable of medical

removal. In a limited experience I have found such cases generally

"inoperable."

It has been my habit in making the artificial anus to place it slightly

above and to the inner side of the left anterosuperior spine. The
operation is done through an intermuscular operation, and although

this does not provide a perfect sphincter control, the result is satis-

factory in that the patient has from five to ten minutes' warning

before each movement of the bowels.

Dr. W. W. Keen, Philadelphia.

I have no statistics to offer, but I have two extremely encouraging

cases to which I wish to call attention very briefly.

Twenty-four years ago I operated within a month on two patients

with very extensive rectal carcinoma. In both cases thj ^'ery evident

clinical diagnosis was confirmed microscopically. Both were preceded

by an artificial anus in the inguinal region. One patient was a gentle-

man who constantly after the operation moved in the very first social

circles, who traveled abroad, rode horseback a great deal, and who in

every respect was perfectly well for fourteen years. His artificial

anus was no hindrance to all these activities. He died without any

local recurrence. Whether the cause of death was a carcinoma

either secondary to this or of independent development is not known,

as there was no postmortem. The other patient was in my office

within the last month. He has been absolutely well for the past

twenty-four years. He conducts a large wholesale business, mingles

with his friends everywhere, and has very little trouble with the

inguinal anus, excepting when he has occasional attacks of diarrhea.

Dr. How.'\rd Lilienthal, New York.

Dr. Mayo has beautifully brought out nearly all the important

points in this depressing class of cases. Among the indications



CANCER OF THE RECTUM AND RECTOSIGMOID 27

1

for operation I did not hear him mention a method which I frequently

use, namely, radiography of the chest. Metastases in the lungs

show as disk-like shadows of characteristic appearance. The presence

of metastases discovered by this means has recently sa"\'ed two of my
patients unnecessary operations. Another point has to do with hemor-
rhage. When I fear undue bleeding I take the precaution of segre-

gating the blood in the patient's legs and thighs by compressing the

thighs close to the body with rubber bandages so as to obstruct the

venous return. This has been frequently urged by the late Dr.

Dawbarn, of New York, as a preliminary to operations in which great

loss of blood may be expected. The ligatures are put on before the

patient is anesthetized and should signs of acute anemia occur, first

one and then the other ligature is removed, transfusing the patient

as it were with his own blood. By obser\dng the blood-pressure

before and after ligation of the thighs in normal individuals I have
found that the blood-pressure may be lowered from 40 to 60 points.

Another precaution against dangerous operative hemorrhage is to

have a donor ready for transfusion before the operation. I believe

that in spite of the great advances in blood transfusion it has been

neglected in daily surgical practice.

Dr. W. L. Estes, South Bethlehem, Pa.

There is one point I would like to ask Dr. Mayo, and that is whether
in his cases he has observed a tendency to late metastasis? I have
in mind a case operated on perfectly well after fifteen years without any
apparent recurrence either local or elsewhere which then developed

a tumor in the right lumbar region producing death. I had another

somewhat similar case in which metastasis occurred after six years.

These cases were apparently absolutely cured and then after a length

of time beyond ordinary recurrences developed tumors of which they

died.

Dr. William J. Mayo, Rochester, Minn, (closing).

In answer to Dr. EUot I would say that I do not know whether or

or not these cases of pelvic abscess should be operated on, but I have
operated from above in a number of cases, especially in women. I

have frequently loosened the whole tumor from above and slipped on
right-angled forceps down to the levator ani muscle, cut the growth off,

sterilized the lower end, and brought the proximal ends out as a perma-
nent colostomy. The relative malignancy of cancer of the rectum and
large intestine as compared to the rest of the body is small. I have
on many occasions reoperated in cases which had been turned down by
excellent surgeons because of enlarged lymphatic glands and found
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the glands septic, not carcinomatous. In regard to Dr. Lilienthal's

question in reference to hemorrhage, you must remember that this

report covers a period of twenty-three years and is a statistical study

representing the growth of surgery in a difficult situation. I have had

no trouble with hemorrhage for a number of years. We always take

rontgenograms of the chest before operating, to detect metastasis.

In answer to Dr. Estes' query, most of the patients are alive and

well at the end of three and five years, and we have many patients

alive at the end of ten vears.



AS TO THE CAUSE OF THE DILATATION OF THE
SUBCLAVL\X ARTERY OBSERVED IX SOME
CASES OF CERVICAL RIB: A CLINICAL

AND EXPERIMENT.\L STUDY

By W. S. HALSTED, M.D.
baltimore, maryland

It is only possible in the limits of the permissible time to

present the results of the work of Dr. Reid and myself in merest

outline.

No one, since Deitmar (Inaug. Diss., 1907) has attempted to

collate the dilatations of the subclavian artery associated with

cervical rib. Deitmar cites 5 cases (Adams. Coote, Poland,

Baum, von Heinecke), including i (von Heinecke's) which I

have tabulated as doubtful. Streissler's review {Ergehnisse der

Chirurgie imd Orthopddie, 19 13, Bd. v, S. 280) is perhaps the

fullest in the Hterature on the subject of cers^ical rib. Although

it appeared less than three years ago, no addition is made by

this author to Deitmar's Hst.

From a careful study, in the original, of the reports of 716

cases of cervical rib, it appears that aneurysm or dilatation of

the subclavian artery was noted in 27 or more of them, including

6 (Mayo, Murphy, Russell, von Heinecke, Galloway, Seymour)

in which the surgeon believed that the vessel was abnormally

large, and of 2 (Karg and Halsted) in which the aneurysm

appeared promptly after removal of the supernumerary rib.

There must be, I am quite convinced, numerous other instances

of dilatation of the subclavian associated with cervical rib

—

cases in which the amount of arterial expansion could not be

determined in the lack of a standard of comparison.
Am Surg i8
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The Dilatation is Distal to the Line of Constriction

MADE BY THE RiB AND THE SCALENUS AnTICUS MuSCLE. As

to the cause of these aneurysms there is much conjecture.

The comment has frequently been made that their occurrence

would be comprehensible if they presented on the proximal

instead of the peripheral side of the compression. No one has

remarked that dilatation central to the site of pressure might be

even more difficult to comprehend.

The suggestions which have been offered in the effort to explain

the phenomenon are as follows: (i) weakening of the wall of

the artery from erosion or other trauma; (2) variable or inter-

mittent pulse pressure; (3) vasomotor and vasa vasorum dis-

turbances.

In 1906 Dr. E. H. Richardson and I made the observation

that after partial occlusion of the thoracic aorta the maximum
pressure may be permanently lowered and the minimum pressure

actually increased distal to the constricting band of metal.

This discovery was verified by Dr. Dawson on one of my dogs

(No. 96).

Dog 96.—Partial Occlusion of Thoracic Aorta. Operation, May 22, 1906.
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sary to accomplish the desired result could be determined, it

could not be constantly maintained, inasmuch as the peripheral

resistance becomes, in great measure, rapidly restored.

For a number of years, in the course of various experiments

in partial occlusion of the arteries, I had somewhat in view the

chance of there being produced beyond the point of constriction

a dilatation of the artery analogous to that which had been

observed in cases of cervical rib.

Two years ago when, after many trials, I had altogether

despaired of having the hope realized, I was startled, on examining

the abdomen of a dog whose aorta had been constricted for five

months and twenty days, to note that each of the branches of

trifurcation was dilated almost to the size of the main aortic

trunk. This was a thrilling experience. About to leave town

for the summer, I communicated the finding to Dr. Reid, begging

him promptly to repeat the experiment, as precisely as possible.

In the autumn we expectantly laparotomized three dogs, upon

whom Dr. Reid had operated in the early summer, and were

disappointed to find that no change had taken place in the size

of the aorta or its three terminal branches. With confidence

still unshaken, we constricted the abdominal aorta, to various

degrees, just above the trifurcation in 20 dogs and, at intervals,

in the course of the winter, explored and reexplored the abdominal

cavities; but, alas, with negative result, at least as concerned

dilatation. We found reward, however, in interesting develop-

ments of which Dr. Reid may, I hope, be permitted to speak.

Finally, resigned to our disappointment, and while, with

waning confidence, we were planning modifications of our experi-

ments for the following year, we opened the abdomen of our last

dog (No. 7), and to our joy found the dilatation which we sought.

The result is accurately depicted in Fig. i. The occlusion of

the aorta in this case made six months and nineteen days

previously was almost complete, just as it had been in the one

successful case of the foregoing year—I might say, of all the

foregone years.

The pressure exercised by the band in this instance had been
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sufficient to greatly lessen, if not indeed to obliterate, for a few

moments at least, the palpable thrill produced by the constriction,

but not enough completely to shut off the palpable pulse.

Plate I. Dog 7. .Series I. The figures are actual size.

Fig. I.—Aorta before the band was applied. Fig. 2.—Immediately after

application of band. Fig. 3.—Two months thereafter. Fig. 4.—Six months

and nineteen davs thereafter.

With this observation as fresh incentive. Dr. Reid and I

have continued the experiments during the current academic

year with decidedly encouraging results.
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If the occlusion must be so nearly complete in order to effect

a well-pronounced dilatation it will explain not only the diffi-

culty we have had in producing it in dogs, but also the fact that

it has been observed so seldom in the human subject from com-

pression of the subclavian artery by a cervical rib. For when in

dogs the aortic pulse is occluded beyond the stage of palpable

thrill the lumen is in danger of becoming obliterated—as by the

formation of a cyhndrical fibrous cord beneath the band—and

thus cancel the experiment; and in the cervical rib cases we may
assume argumentatively that the subclavian artery compressed

to the stage sufficient to produce an aneurysm might become

thickened by sclerotic changes in the time required for the pro-

nounced manifestation of a dilatation. Thus a moderate dilata-

tion, present for a brief period prior to occlusion of the subclavian,

might be overlooked.

In dogs a number of months must apparently elapse after

the application of the band before a dilatation in striking degree

can occur. In the two cases (No. 7, 1913. and No. 7, 1914) to

which reference has been made, five months and twenty days

and six months and nineteen days respectively had elapsed.

In the second of these the dilatation of 2 mm. found at the expira-

tion of sixty days increased to 4 mm. in the course of the follow-

ing four and a half months. (See Fig. i.)

Reports of 716 instances of cervical rib have been found and

abstracted, in great part from the original, by my secretaries

and myself.

Clinical cases 525

Autopsies gi

Museum specimens 100

Total 716

^ Percentage.

Cases with symptoms 360

With nerve symptoms alone 235 65
.

3

With nerve and vascular symptoms 106 29.4

with vascular symptoms alone . . 19 5.3

360
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Five hundred and twenty-five were clinical cases. 91 autopsy

findings, and 100 museum specimens. Three hundred and sixty

presented symptoms of pressure. Of these, 235 had nerve symp-

toms alone, 106 nerve and vascular, and 19 only vascular symp-

toms. Accordingly we have reports of 125 cases of cer\'ical rib

in which vascular symptoms were noted. In 27 of these (2 1.6 per

cent.) an enlargement—fusiform, aneurysmal, or cylindrical

—

was observed, and, of these, in the majority, the disturbance of

circulation was severe, 6 cases having gangrene of fingers on the

aft'ected side.

Of the 30 dogs with aortic constriction upon whom this report

is based there was pronounced dilatation, for a short distance,

of the vessels below the band in 7, or 23.3 per cent.

It is interesting to note the correspondence in the human (21.6)

and canine (2^.^) percentages. We must not, however, over-

value the result of this haphazard sort of comparison, for as

regards the human cases we have depended upon the impressions

of surgeons who. having no standards of comparison, having

made no measurements and not always being particularly con-

cerned about the arterial feature of the case may have overlooked

or overestimated variations from the norm: and as regards the

30 dogs we observed, in addition to the 7 designated as major

dilatations, 10 minor ones. The 17 dilatations of all grades

represent 56.6 per cent, of the 30 dogs. The percentage is even

greater if we include in our calculation only the dogs of the past

year; and, for another year of experimentation, would probably

be greater still.

We may, I think, conclude that the dilatation of an artery

produced experimentally is not due to any one of the three factors

proposed as causal for the aneurysm in cases of cervical rib.

Ad I (Vasomotor paralysis).

(a) The vasomotor nerves and the vasa vasorum are destroyed

by the moderately constricting and totally occluding bands

quite as surely as by those which, occluding almost totally, alone

produce the dilatation.
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(b) Only a portion of the circumference of the subclavian

artery is exposed to the pressure of the cervical rib and the

1

4/^

Plate II. Dog 3. Series II. The figures are actual size.

Fig. I.—Aorta before the band was applied. Fig. 2.—Immediately after

application of band. Fig. 3.—Ninety-seven days thereafter. Fig. 4.—Nine

months thereafter. The outer of the two concentric circles indicates the

circumference of the aorta at the site of the band before its application; the

inner circle, the precise lumen of the aorta under the band when the dog was

sacrificed.

scalenus anticus muscle, and hence only a fraction of the vaso-

motor nerves or vasa vasorum could be pressed upon.
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Ad 2 {Trauma).

(a) Usually the dilatation is fusiform and

(b) Distal to the rib.

(c) Trauma is excluded as a factor in the experimental dilata-

tions.

Ad 3 {Inconstant blood-pressure).

{a) Patients suffering from the pressure pain of cervical rib

rarely make wide excursion movements of the arm.

(b) The degree of occlusion is constant in the experimentally

constricted vessel.

When an arterial trunk is ligated it becomes occluded to the

first proximal and first distal branches by a process of cell

proliferation which ultimately reduces the artery to a fibrous

strand.

Now, from observations which I have made both in man and

dogs, I am quite sure that there may be a remarkable fall in

blood-pressure in what I have termed the "dead arterial pocket."

while there is still little if any sign of diminution in the caliber

of this portion of the vessel. For example : The right common
carotid artery was ligated in a case of aneurysm of the external

carotid. About three months later, in the course of an operation

for the excision of the uncured aneurysm, the internal carotid,

dead-pocketed between the circle of Willis and the carotid

ventricle, was freely exposed for a considerable distance. It had

lost its cylindrical form, being flat and tape-like, and. although

evidently possessing a considerable lumen, seemed to be quite

empty. I ventured to prick it with a knife. From the little cut

there oozed, without pulse, a few drops of blood. The artery

was then resected between two ligatures. Its wall was thickened

on one side (see Plate III), but the lumen was still perhaps

three times that of a radial artery. This observation I have

made twice on the external ihac artery of the dog after occlusion

of this vessel at its origin from the aorta. In the approximately

dead pocket between the aorta and the origin of the circumflex

iliac and common trunk of the epigastric and obturator arteries

the blood-pressure must have been almost nil, because from a
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little slit made in the arterial wall the blood escaped very slowly

in a tiny, almost pulseless jet about i cm. high; whereas, from

1

Plate III. Dog 15. Series II. The figures are actual size.

Fig. I.—Aorta before the band was appHed. Fig. 2.—Immediately after

application of band. Fig. 3.—One hundred and sixty days thereafter. The
outer of the two concentric circles indicates the circumference of the aorta

at the site of the band before its application; the inner circle, the precise

lumen of the aorta under the band when the dog was sacrificed.

the femora] artery, below the profunda, the blood spurted in

quite normal fashion from a similar knife-prick.

Hence, in an artery doomed to occlusion, it would seem that
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the blood-pressure is lowered before the occlusion process sets

in—the lowered pressure being, perhaps, the immediate factor

leading to the obliteration.

Can these observations have any bearing upon the explanation

of the dilatation of the aorta above its trifurcation, of its triad

branches, and of the carotid, which we have occasionally observed

in the dog distal to the partially occluding band?

Plate IV. Section of human internal carotid. Showing process of

obhteration after Ugation of the common carotid. When removed at a

subsequent operation this arter^^ was found pulseless and almost empty

notwithstanding the size of its lumen.

The mechanical engineer knows the effect upon pressures of

constricting a rigid tube through which water is being forced at

a given pressure. At the site of the constriction of the Venturi

meter the pressure is diminished and the velocity increased,

whereas immediately beyond the constriction both the normal

pressure and velocity are restored. This is not, however, true of
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the constricted arterial tube. Beyond the band the systolic

pressure may be lowered, the diastolic pressure increased, and the

pulse pressure greatly reduced for at least many months.

If the constriction is very slight the effect upon the blood-

pressures is usually transient, the normal pressures being reestab-

lished within a few hours or, indeed, minutes. But if the artery

is constricted to the point of almost total occlusion the pulse

pressure below the band, for a time almost 712L may remain

lowered and the diastoUc pressure, relatively or even actually,

be increased. The blood stream in this case, passing with greater

velocity and less pressure through the band prevents the oblitera-

tion of the artery to the nearest branch—the pocket being not a

dead one as it is in the case of total obhteration. The blood in

this pocket beyond the constriction is streaming in whirlpools,

somewhat as in the vein and, indeed, also, as in the artery in

arteriovenous fistula; the thrill, not palpable at first, later may

be perceived with the finger; and the bruit, always audible with

the stethoscope, becomes louder as the peripheral arterial resist-

ance increases.

To these factors, then—to the abnormal play of the blood in

the relatively as distinguished from the absolutely "dead pocket,

"

and to the absence of normal pulse pressure, essential probably to

the maintenance of the integrity of the arterial wall—we may have

to look for the solution of our problem.

It is not, however, denied that the paralysis of the vasomotor

nerves and the occlusion of the vasa vasorum may play some

part in the manifestation.

The intimal surfaces of arteries brought intact in apposition

whether by ligature or by band never, in my experience, have

united. This statement will be received skeptically, for it is at

variance with the universally accepted view, which is that

uncrushed intimal surfaces, if brought gently in contact, adhere

and thus occlude the artery. In the hgation of the larger arteries

we have been taught to use heavy Hgatures two or three abreast,

and in tightening them to employ only enough force to bring

the intimal surfaces in contact, a force not sufficient to rupture
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or injure the intimal coat. The gross and microscopic findings

in the sections of arteries ligated in this manner have been

repeatedly portrayed, but the illustrations submitted as proof

are not convincing.

I am quite sure that the pressure necessary to bring about

the complete closure of the aorta causes atrophy of the arterial

wall under the band, and that union of the apposed surfaces

thus deprived of their blood supply does not occur. To accord

with this xdew, how is to be explained the formation of the fibrous

cylinder which we occasionally find under the band, and how the

probable error of other investigators who believe that intimal

surfaces brought gently in contact by broad ligatures unite pri-

marily and thus interrupt the blood stream?

The process of occlusion, in my opinion, is somewhat as

follows. The death of the arterial wall having been brought

about by the pressure of the band, a gradual substitution or organi-

zation of the necrotic tissue takes place, the new bloodvessels

penetrating it from both ends. The absorption of the lifeless

wall proceeds coordinately with its vascularization or organ-

ization.

If the band has been rolled so tightly as to occlude the lumen,

the arterial wall is deeply puckered or plicated. If after, say,

a month or two, the aorta is cut open at this point, the folds of

the arterial wall may still be seen. They will not be adherent

to each other, but atrophied possibly to the thinness of writing

or tissue paper. The attenuated wall can still be completely

unfolded. In some cases it is found to be abnormally thick and

a very fine lumen to have been established. In such event

there are no folds, the thick wall consisting altogether of new
tissue, and the old wall with its plication having been absorbed.

Consequent upon the atrophy of the arterial wall the tension

under the band is ehminated, capillaries sprout into the necrotic

part, which thus becomes replaced by new connective tissue. A
tiny blood stream may make its way under the band and an

endothelial fining for the new wall develop.

More often we find in the completely or almost completely
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occluded cases that a solid, fibrous, cylindrical cord completely

fills the space within the band and replaces the original wall of

the artery.

Although we are unable to share the opinion of other investi-

gators that the uninjured intimal surfaces of large arteries

adhere to each other when brought in contact, the advice to

bring broad surfaces in apposition by several contiguous, coarse

Ugatures is good. We have found that the finer the Hgature, the

quicker it cuts through the artery, very fine silk cutting through

in a day or two. Narrow tape, constricting the artery in spiral or

cuff-like form, has about the same efifect upon the arterial wall

as the metal band. Under three or four coarse hgatures, drawn

tightly enough to occlude the lumen but not so tightly as to

injure the intima, the arterial wall would behave as it does under

the tape or band, and occlusion take place in the described manner.

I should think, however, that it would be impossible in a given

case to be sure that each one of, say, three ligatures had occluded

the artery without injury to the intima. Even with the metal

band, which can be rolled with great precision and in perfect

cylindrical form, it is not possible to say that occlusion has just

been attained, although we can be absolutely certain that the

intima has suffered no trauma. But with the hgature pressure

cannot be exerted in such fine and exact gradations; there is also

the compHcation of the knot and its particular pressure.

The surgeon's conceptions as to. the finer processes concerned

in the occlusion of arteries after Hgature are based upon studies

undertaken before the days of perfected asepsis, in the days

when thrombus formation almost invariably complicated the

picture.
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CASES OF dilatation OF THE SUBCLAVIAN ARTERY WITH CERVICAL RIB

Surgeon, No. Publication.
Note on dilatation of
subclavian artery.

Remarks.

Mayo, H.

1. Adams, R.

2. Warren, J. M.

3. Coote, H.

4. Poland, A.

5. Baum, W.

6. Gould, P.

7. Morris, W. C.

*Karg

8. Stifler

9. Cohen, J.

10. Grisson

? Winkler, C.

11. Murphy, J. B.

? Murphy, J. B.

London Med. and
Phys. Jour., 1831

Dublin Jour. Med.
Sc, 1839

Am. Jour. Med. Sc.

1849

Lancet, London,
1861

Med. Chir. Trans.,
1S69

D. Chirurgie, Liefg.

34, 1880 (G.
Fischer)

Trans. Clin. Soc,
London, 1884

Lancet, London,
1885

Beitr. z. klin. Chir.,

1895 (Ehrich)

Miinchen. med.
Wchnschr., 1896

Inaug. Dissert. Got-
tingen, 1898

Fortschr. a. d. Geb.
d. Roentgenstr.,
1898-9

Nederl. Tyschr. v.

Geneesk., 1904;
Miinchen. med.
Wchnschr., 1904

Ann. Surg., 1905

Surg., Gyn. and
Obst., 1900

Right subclavian artery
flattened; unusual
width.

Ovoid dilatation of

third portion, left

subclavian, about size

of pigeon's egg; post-
mortem confirmation

Aneurysmal tumor, left

subclavian, about size

of pigeon's egg

Pulsating swelling of
left subclavian, about
size of walnut

Right subclavian; "cir-
cumscribed dilatation
of entire circumfer-
ence"

"Left subclavian aneu-
rysm"

'

' Right subclavian
artery projected even
beyond clavicle as
tense pulsating cylin-
der"

Fusiform aneurysm of
right subclavian, J-
inch in width

Aneurysm of left sub-
clavian appeared after
removal of the cervi-
cal rib

Pulsating tumor of left

subclavian; sudden
appearance

"Left subclavian aneu-
rysm size of plover's
egg" (possibly due to
fracture of clavicle

—

W. S. H.)
Right subclavian, "pul-
sating cord, thickness
of little finger"

Left subclavian; "locally
aneurysmally dilated"

Left subclavian "flat-

tened and circular"

Right subclavian flat-

tened out on surface of

rib

Radial pulses equal.

December 24, 1847; liga-

tion of third portion;
ligature came away on
ninety-sixth day.

Part of cervical rib

resected; radial pulse
hardly palpable before
operation.

"Digital compression on
cardiac side of tumor
for ninety-six hours,"
cure of aneurysm.

Ice, elevation of arm,
compression; aneurysn>
cured; pulse absent in
radial and ulnar, but
present in brachial.

No operation; progres-
sive obliterative arteri-

tis; dilatation uninflu-
enced.

Operation; central liga-

tion of third portion;
radial pulse before
operation weak; absent
postoperation, but re-

appeared in one month
or less.

Artery compressed be-
tween two cervical ribs;
both ribs removed;
aneurysm cured by
compression.

Blood-pressure: left,

120; right, 140; no
operation.

"Weaker radial pulse;'*

fusiform dilatation,
"7 cm. long and IJ
fingers thick;" aneu-
rysm excised.

Pulseless axillary, brach-
ial (hard cord) and
radial; aneurysm cured
by suspension, Preis-
nitz bandage, etc.

Cyanosis of left hand.

Brachial and radial

pulses normal with
arm extended; opera-
tion; dilatation ques-
tioned by author in

1905, but called abnor-
mal dilatation in 1906.

Circulation ?; dilatation
questioned by author;
exophthalmic goitre.
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CASES OF dilatation OF THE SUBCLAVIAN ARTERY WITH CERVICAL
RIB

—

Continued

Surgeon, No. Publication.
Note on dilatation of
subclavian artery.

Remarks.

12. Conner, L.

13. Keen, W.W.

? Russell, C. K.

? Von Heinecke

* Halsted, W. S.

14. Hamann, C. A.

15. Pringle, H.

16. Miller, J. L.

Galloway, J.

? Seymour, N. G.

17. Law, A. A.

18. Potter, C.

Med. Record, 1906

Am. Jour. Med. Sc,
1907

Med. Record, 1907

Inaug. Dissert.,
Erlangen, 1907
(Deitmar)

Unpublished (1909)

Cleveland Med.
Jour., 1910

Edinburgh Med.
Jour., 1911

Am. Jour. Med. Sc,
1911

Proc. Roy. See.
Med., 1911-1912

Am. Jour. Med. Sc,
1913

J ournal-Lan ce t,

Minn., 1914

Jour. Missouri Med.
Assn., St. Louis,
1914

Left subclavian, "broad
pulsating mass sugges-
tive of aneurysm"

Left subclavian dilated
to nearly twice width
of artery

Autopsy note: right
subclavian proximal
to thyroid axis, large
and soft; distal to this,

contracted and cord-
like; left subclavian
enlarged

Left subclavian "sur-
prisingly broad;"
(operative note)

Dilatation of right sub-
clavian developed
after removal of rib

Right subclavian beyond
rib enlarged and filled

with clot

Left subclavian ; fusi-

form aneurysm distal

to rib; sacculated at
its proximal part under
outer edge of scalenus

(?) side; slight dilata-
tion above the " notch"
in cervical rib

Left subclavian; "pul-
sating tumor"

Right subclavian; small
pulsating tumor "sim-
ulating" aneurysm

"Right subclavian di-

lated distal to rib;"
"left subclavian flat-

tened"
Left subclavian; "pouch-
like dilatation of the
wall of the artery over
groove in cervical rib"

No note as to circulation
or treatment.

Gangrene, operation

;

cylindrical dilatation
to clavicle or beyond.

Gangrene; amputation
of index finger, and
later of arm; patient
would not consent tO'

operation on rib;

suicide.

Left radial pulse weaker
than right, not im-
proved by resection of
rib.

The aneurysm, size of

plover's egg, seemed
to involve the artery
central to the site of
constriction.

Gangrene of fingers;

bursa J-inch in diam-
eter between artery
and rib; resection of

part of the rib.

Aneurysm twice needled
(before discovery of
rib) ; finally opened
and rib removed; rad-
ial pulse "feebler;"
became fair post-
operation.

Cyanosis of hand.

Unoperated.

Female, aged sixteen-

years; radial pulse un-
affected.

Gangrene of fingers;

resection of rib on both
sides.

Male, aged seventeen,
years; ulcers and gan-
grene of thumb and
ring finger; brachial
and radial pulses-

absent.

In the unnumbered cases the dilatation is questionable.

In cases marked with an asterisk the aneurism appeared after removal of the rib.
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DISCUSSION

Dr. W. S. Halsted, Baltimore.

It is interesting to note that in the whole literature of this subject

there are only three illustrations of the dilatation (Keen, Murphy,

Law). A cyhndrical dilatation as reported and illustrated by Keen
has been observed also by Baum. In two instances (Karg, Halsted)

aneurysms have formed promptly after removal of the cervical rib.



PARTL\L OCCLUSION OF THE AORTA WITH THE
MET.ALLIC BAND. OBSERVATIONS ON BLOOD-

PRESSURES AND CH.\NGES IN THE
ARTERIAL WALLS

Bv MOXT R. REID
BALTIMORE. MARYLAND

This is a preliminary communication to supplement Dr.

Halsted's paper on the Cause of the Dilatation of the Subclavian

Artery in Cases of Cervical Rib.

In all except one of our experiments the constricting aluminum

band was applied about the abdominal aorta below the inferior

mesenteric. At the time of our final observation on these animals

we made records of the blood-pressures in the femoral and carotid

arteries. Obviously, in order to draw any conclusions as to the

effect of the band on the blood-pressure below the site of the con-

striction the normal relation between the pressures in these two

vessels must be known.

In a series of experiments performed by Dr. Dawson on dogs,

it was learned that the pulse pressure in the femoral artery is

normally about twice as much as in the carotid. The femoral

systoUc pressure is higher and the diastolic pressure lower than

the corresponding pressures in the carotid artery. (See Fig. i.)

After partial occlusion of the aorta the systoUc pressure in

the femoral is markedly lowered. This lowering of the systolic

pressure is due mainly to a fall in the pulse pressure, for the dias-

toHc pressure remains almost stationary, or may be actually

increased. In the cases of most marked dilatation the femoral

Am Surg IP
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pulse pressure was only about one-half the carotid pulse pressure,

while the femoral diastolic was actually greater than the carotid

diastoHc pressure. (See Fig. 2.)

F.S.

C.S.

CD.

F.D.

Fig. I.
—-To illustrate the normal relation between the systolic and diastolic

end pressure in the femoral and carotid arteries of dogs. F. S., 188 mm. Hg.;

F. D., 95 mm.; pulse pressure, 93 mm.; C. S., 162 mm.; C. D., 103 mm.;
pulse pressure, 59 mm.

During the first hour after the application of a moderately

tight band the femoral pressures undergo rather marked changes.

At first the systolic and diastolic pressures are both lowered.

In a few minutes the diastolic pressure may become even greater

than before the application of the band, while the systolic remains

subnormal. (See Fig. 3.)
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It is interesting to note that after complete occlusion of the

aorta the normal blood-pressure relation between the femoral

and carotid mav. ultimately, be reestablished.

Fig. 4.—Dog 9. vSeries I. Band rolled to early stage of palpable

thrill. The band in six months has produced only slight thinning of the

vessel wall.

Effect of the B.vnd on the Vessel Wall. In some cases

in which the band has been loosely applied only very slight

cross alteration in the wall of the vessel under the band is found
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even after six months. On removal of the band the phcations

of the wall can be unfolded, and the intima presents a normal-

looking, smooth surface. (See Fig. 4.)

Fig. 5.—Dog 2. Series I. The Vjand was tightened until pulse had just

disappeared. Examined after seven months, a solid fibrous, cylindrical cord

was found under the band.

In the majority of cases there occurs an atrophy or necrosis

of the vessel wall included in the band. In some cases the band

had made its way through the atrophic wall into the lumen of

the vessel (see Figs. 8 and 10
)

; in these a new wall had formed

outside the band. In no instance was there leakage of blood.

On splitting open the artery for examination the band is seen.
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Pig 6—Dog. 2, Series I. Longilu.linal section through the fibrous cord

shown in Fig. 5- Wcigerfs clastic tissue stain, a the site of the band;

under it the elastic tissue has vanished; h, the vessel wall proximal to the band.

c the vessel wall distal to the band, showing definite atrophy of the clastic

tissue; d to i" , the fibrous cord; e. fibrous tissue that formed about the band;

there is almost complete disappearance of the elastic tissue at the site ot the

band.





^
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Fig. 9.—Dog 17. Scries I. Band tightened to vanishing side ot thnll

stage. Longitudinal section through the arterial wall at the site of the band.

Weigcrt's elastic tissue stain. Under the band the elastic tissue is rarefied.

Below the band, where there was a moderate amount of dilatation, atrophic

changes are noted, a , the slit occupied by the band ; ft, the vessel wall proximal

to the band; f, the vessel wall distal to the Ijand.
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more or less distinctly, shimmering through the atrophic arterial

wall. This wall may be attenuated to a veil-hke thinness or,

as described, may have entirely disappeared, disclosing a portion

or portions of the band. The upper edge of the band, at the

posterior surface of the arterial wall, is almost invariably the

first part to be exposed. (See Fig. 7.)

n

Fig. 10.—Dog 7. Series II. Marked constriction. Thrill not obliterated.

The band had, in six months, cut entirely through at its upper edge, poste-

riorly. At the lower edge of the band there is still a remnant of the atrophied

wall. (Conf. Fig. 11.)

Histological Cila.nges. For a short distance below the

site of the band there is usually a definite atrophy of the elastic

and muscular tissues. In our case No. 7, series i, (See C. Fig. 13)

there was almost a complete break in the elastic tissue below the

edge of the band. The connective tissue throughout the wall of

the artery seemed to be Httle affected in amount in the dilated

portion of the vessel. Histological study of the nerve supply

to the dilated portion has not as yet been attempted.
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Fig. II.—Dog 7. Series II. Longitudinal section through the arterial

walls, old and new. (Conf. Fig. 10.) Weigerfs clastie tissue stain a the

site of the band; b, elastic tissue of the aortic wall proximal to the^band. c

elastic tissue distal to the band; e, the new wall which had formed outsule

of the band where it had cut through, posteriorly. Between a and the lumen

of the vessel the original wall is greatly thickened.
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Fig. 12.—Dog 7. Series I. Band tightened until thrill disappeared; pulse
not obliterated. Sacrificed after six months and nineteen days. Longitudi-
nal section through the arterial wall at the site of the band. Weigert's elastic

tissue stain. In this case there was marked dilatation below the band,
a, the site of the band; h, the aortic wall proximal to the band; c, the aortic

wall distal to the band, showing definite atrophy and a break in the elastic

tissue; e, the new wall that had formed outside the band; x—x, the segment
of the vessel wall that had been included by the band. In this segment
there is marked atrophy of the elastic tissue, particularly at the edges of the
band.
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I

C.

Fig. 13.—Dog 7. Series I. Longitudinal seclion llirough llie right

external iliac artery. Wcigcrt's clastic tissue stain, b, the proximal, dilated

part of the vessel; here the elastic tissue has become thin and rarefied: r, the

distal, undiluted part; tlic elastic tissue is here unchanged.
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At the site of the band the new wall that forms around it

is composed mainly of librous tissue. Thus far, none of our

cases have shown regeneration of the elastic tissue in this new
wall.

In the fibrous cord (see Fig. 6) which occasionally forms

under the tightly rolled band no remains of the vessel wall have

been found. We think it probable that the original arterial wall

undergoes complete atroph}- and absorption in these cases, and

that the cylindrical cord found under the band consists of new
tissue which, growing in from above and below, replaces the old.

This cylindrical librous cord may be highly vascularized (see

Fig. 11); the new tissue bears no resemblance to that found in

obliterating endarteritis. We have found no evidence of union

between the opposed intimal surfaces.



OBSERVATIONS ON THE DIAGNOSIS AND TREAT-
MENT OF TRIFACIAL NEURALGIA

By E. H. BECKMAN, M.D.
mayo clinic, rochester, minnesota

These conclusions are based on the results of treatment in

177 cases of trifacial neuralgia which have come under our

observation.

Diagnosis. Trifacial neuralgia is not often confused with

any other disease by those who have seen a number of cases.

It is a disease that has a distinct entity. In our series, males and

females were about equally affected (males 96, females 81)

average age, 50.6 years. A great many cases in which there is

a pain about the head and face due to sinus disease, disease of

the nose and infection about the teeth or jaw, are confused by

the average practitioner with facial neuralgia and referred to

the surgeons or neurologists as such. All cases of this nature

have been excluded from this series.

The term tic douloureux is a misnomer, since there is no true

spasm of the muscles associated with the pain. This muscular

spasm occurs in only a small percentage of the cases, and is a

voluntary or involuntary jerking of the muscles resulting from

the sudden severe pain; the patient is startled by the lightning-

like pain and the muscles of the face are contracted in conse-

quence. ]Many patients attempt in every way possible to immo-

bilize the muscles of the face for fear the attack may continue.

Consequently, they refuse to speak in answer to questions,

refrain from taking food or drink except when necessity demands
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it, and delay bathing the face as long as possible. The pain is

always severe and comes in a short, sharp attack, like a shock

of electricity. If the attack continues for a half-minute or

longer, it will be found on close questioning that the pain is not

continuous, but is made up of a series of short, severe attacks

interrupted by brief intervals. We have not seen cases in which

the pain was of any other character.

A continuous aching pain or pain that throbs with the pulse

certainly is not trifacial neuralgia. From our observations, and

as Patrick has so graphically pointed out, the pain is very often

started by the slightest irritation of a certain localized area on

the face and tongue, and occasionally by the irritation of a single

tooth. These areas have been described by Patrick as ''doloro-

genetic zones," or '' trigger zones," which is a good description,

since the slightest irritation of one of these areas is comparable

to the lightest touch on the hair-trigger of a gun, and explosive

pain follows this irritation immediately. The cause of the irri-

tation may be very slight, a draft of air, a touch with cotton, or

the lightest touch of a finger. In individual cases the pain is

invariably started by irritation of the same area.

The zones from which the pain most often originates are a

small area on the upper lip, just at the alae of the nose, and a

small area on the lower lip near the vermilion border at the angle

of the mouth. These two points seem to predominate over all

others. The pain produced by stimulating one of these trigger

zones may not be confined to the same division of the nerve as

the trigger zone itself. For instance, touching the upper lip at

the angle of the nose may produce pain in the lower lip, lower

jaw, or tongue. Vice versa, stimulation of the lower lip or third

division may produce pain in the second. Rarely does the stimu-

lation of one division produce pain in another that is not adjacent.

This has been such a common observation with us that when
treating with injections, we have adopted the plan of always

injecting both the second and third divisions when but one of

them is affected.
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Our patients have not appeared to be more neurotic than the

average. Most of them have never had any serious illness, and

are in good health so far as could be determined from their

appearance and their examination. Infection about the teeth

and face is a very usual history, but since these are common to

all persons it is questionable whether they have any real bearing

on this disease. It is quite possible that later investigations will

show that trifacial neuralgia is an infection of the nerve branches

which progress to the Gasserian ganglion. At least a great many
patients who have had pain in a single peripheral nerve and who

have been relieved by the removal of this peripheral branch have

later returned with pain in another division or in all three divi-

sions. This makes it appear as if the disease might be progres-

sive, extending from the periphery toward the ganglion. We
have no proof to corroborate this theory, except that it is known

that certain bacteria have a selective affinity for nerve tissue

as their habitat. Examination of six ganglia from trifacial

neuralgia cases by Wilson showed marked inflammation in all.

We have not felt that arteriosclerosis played any role in this

disease. Heredity, rheumatic tendencies or extreme nervous-

ness has not seemed to have any influence. The fact that people

who suffer agonies for years almost never become addicted to

the use of morphin or cocain (one case in this series was addicted

to both) seems to indicate that at least their mental if not their

nervous stability is above the average.

Treatment. The treatment of trifacial neuralgia is essen-

tially surgical. ]\Iedicinal treatment is confined to hygienic

measures, and seems to have but slight influence in the majority

of cases.

Treatment by Excision and Evulsion of the Feriplieral BrancJies.

An excision or evulsion of the peripheral branches was done

in 19 cases. Three were supra-orbital, 9 infra-orbital, 5

inferior dental, and i lingual. Letters have been received from

10 of these patients. The longest period of relief in any of the

series was two years. This was a patient in whom the infra-
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•orbital nerve was evulsed and a screw placed in the foramen.

Only 5 of the patients were reheved for one year or longer.

The average time of relief was 8.4 months. Some of these patients

had deep injections of alcohol subsequently, and therefore have

been included among those listed later in the discussion of that

method of treatment. None of the patients treated by excision

or evulsion of the peripheral branches had any complications

following treatment, and there has been no mortality in this

group. The method of Kanavel for blocking the foramina seems

to be the most rational that has been proposed, and although

we have had no experience with it, we believe it should give

better results than the older methods.

Treatment by Injecting Alcohol into the Main Branches at the

Base of the Skull. Several years ago we adopted the method of

Levy and Baudouin for injecting the deep branches of the nerve.

We have treated in this way a total of 146 patients. Letters

have been returned from 120. We have followed the method of

inserting the needle the average distance for each branch and

then moving it a little deeper slowly, so that when the nerve

was approached the patient would receive a shock of pain over

the distribution of the branch. From this it is often possible

to know that the nerve has been entered, or at least approxi-

mated very closely. This is especially true if there have been

no previous injections. After the shock of pain has been noted

we have injected from 15 to 30 minims of 80 per cent, alcohol.

We have not become skilful enough to locate the nerve each

time an injection is made. In fact, this seems to be impossible.

We beheve that if the nerve is entered or approximated very

closely the patient will be relieved, at least temporarily. As

mentioned previously, the plan has been followed of injecting

both the second and third divisions when one of them was

affected. Occasionally some bleeding resulted, which produced

considerable tension underneath the temporal fascia. In 3

patients there was inflammatory reaction of the cornea which

cleared up within a few days; in 2 there was temporary paraly-

Am Surg 20
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sis of the external rectus muscle of the eye, and in 6, stiffness of

^the muscles of mastication, which gradually subsided. The

latter were patients who had had several injections. The length

of time patients were relieved varied greatly, in one instance

the relief lasting as long as five and one-half years, in another,

three years, and still another three and one-half years. This

would seem to be very favorable. However, only 30 were

relieved for one year or longer. The average length of time for

the entire series of 120 from whom we have heard was 9.4 months,

a slightly longer average than the time of relief following our

series of operations on the peripheral branches. A discouraging

feature of this method of treatment is that 77 of the 120 (64 per

cent.) had relief of pain for six months or less. There has been

no mortality in this series and no serious complications. More

recently the injection of alcohol into the Gasserian ganglion

itself has been proposed. The technic of this operation has been

perfected largely by Fritz Hartel, of Bier's Clinic, and by Urban

Maes in this country. Maes reports that Hartel has injected

27 cases by this method, and is satisfied with his results, reinjec-

tion rarely having been necessary. Maes himself treated his

first case by this method in June, 1913, and reports lasting relief.

He does not mention any other results. Up to the present time

we have no evidence to show that the results following injection

of the ganglion itself will be more permanent than injection of

the deep branches. I can testify that isolation of sensory nerves

elsewhere in the body and injection of a considerable amount

of alcohol into their main trunks does not always give freedom

from pain.

We have no personal experience with injections into the

Gasserian ganglion. If this method of treatment becomes

generally adopted I feel certain that there will be many serious

complications.

Treatment by Operation on the Gasserian Ganglion. Eighteen

patients have had operations on the Gasserian ganglion. Twelve

of these were males and six females. The average age was fortv-
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eight years; the youngest patient was thirty years of age and

the oldest seventy. Thirteen of these patients had had some

t^'pe of peripheral operation, and two, previous operations on

the Gasserian ganglion, while all of them had had deep injections

of osmic acid or alcohol into various branches for the relief of

their suffering. In 9 of these patients all three divisions were in-

volved; in 6 there was involvement of the second and third

divisions; in 2, involvement of the first and second, and in i,

involvement of the first and third. Eleven patients had the

ganglion removed after the Hartley-Krause method, i was

operated on by the method of Abbe, and 6 by the method of

Frazier. Thirteen of the 16 living patients have been completely

relieved of their pain or the recurrences were so slight that they

consider their condition satisfactory. The remaining 3 of the

patients of this group have had recurrence. Two of these were

operated on by the Hartley-Krause method and i by evulsion of

the posterior nerve root. These recurrences must be considered,

we believe, as due to the failure to remove either the entire

ganglion or all of the fibers of the posterior root, a possibility

in early cases when the operator's experience has not been exten-

sive. My own experience would seem to show that enough

emphasis has not been laid upon the one point of getting well

behind the ganglion in order to expose all of the posterior root,

especially to the inner side, before sectioning or evulsing it.

I believe the failure in one instance was due to this fact.

There were two operative deaths in this series. One of them

was a woman, aged sixty-one years, who had previously had an

operation for the deep removal of the second and third divisions

and later an attempt to remove the Gasserian ganglion, both of

these before she came under our observation. She died from

late hemorrhage on the twenty-first day after operation. Un-

doubtedly the enormous amount of scar tissue from the two

former operations was largely responsible for the fatal termina-

tion. The other patient, a woman, aged forty years, never

rallied from the operation, and died about twelve hours after
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leaving the operating room. Unfortunately a necropsy in this

case could not be obtained. I am satisfied that hemorrhage

was not the cause of death in this instance.

The results of operations on the Gasserian ganglion, accord-

ing to this series, is not entirely satisfactory, but we believe that

this is largely due to the fact that some of the patients were

operated on several years ago when experience in this work was

not great. In our opinion the same number of patients operated

on today would give approximately loo per cent, permanent

cure, /. e., would be relieved of pain.

The mortality in this series is much too high, and that of

many a larger series of cases is lower. However, the operation

is serious and must not be undertaken too lightly. We believe

that surgeons who have not had a considerable experience in

surgery of the brain should not undertake the operation. The
mortality as well as the permanent results may be improved

only by those who have had such experience and are willing to

do the most painstaking and careful work. In my own work

the more Gasserian ganglions I dissect on the cadaver the more

I feel that it is a difficult and serious operation, and that only

when it is performed with the utmost care can one feel sure that

all of the nerve fibers have been removed in an individual case.

We believe that at the present time the operation of evulsing

the posterior nerve root or remo\'ing the ganglion entire is the

only operation insuring permanent relief, and that the mortality

is no higher than that of many serious operations performed

daily by surgeons throughout the country. However, since

cases of trifacial neuralgia do not recover spontaneously and

the results of peripheral operations and injections are so tem-

porary, we believe that it is the operation of choice for a person

in reasonably good physical condition.
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DISCUSSION

Dr. Harvey Cushixg, Boston.

In its major form, trigeminal neuralgia is a verj' serious and incapaci-

tating malady, and I presume that Dr. Beckman would not consider

that the patient had major neuralgia unless more than one and
probably all three divisions are involved in the attacks of pain. In

cases of this t)-pe I know of no operation in all surgery that is com-

parable in the satisfactoriness of its results to a properly conducted

Gasserian ganglion operation, which is permanent in its results, and
to be permanent in its results the entire root must be disconnected,

and that this has been accomplished must be proved by a total

postoperative trigeminal area of anesthesia.

One might suppose that patients afflicted as these are, and in con-

sideration of their age, would in the long run be bad surgical risks.

In view of this it is remarkable how well they undergo the strain and
what may be a somewhat bloody operation. I have had a personal

experience wnth 261 of these operations. I lost my fourth and my
thirtieth patient, so that there has been a series of 231 cases without

a death, and there are few major neurological procedures to the

carrying out of which I look forward with a greater assurance of

success. To be sure, there are some disagreeable features of these

operations in some people—a complaint of stiffness, of numbness, of

the woodeny feeling of the face, and a few of the patients, through

carelessness, have lost an eye, but in the long run it is an operation of

extraordinary beneficence.

For the minor neuralgias preliminary alcohol injections are desirable,

and if the case has passed on into a major type, a period of temporary

relief by alcohol is advisable, if for no other reason than to assure

oneself before doing a ganglion operation that the case is one of true

trigeminal neuralgia. The procedure, moreover, accustoms the

patient to the sensation of numbness which they must carry through-

out life if the posterior root is evulsed. However, I never give an

alcohol injection without some misgivings, and I do not consider it a

procedure entirely free from risk. At the present time almost all

of our patients subjected to the ganglion operation have at one time

or another been subjected to the alcohol treatment, some of them to

twenty or thirty injections, after each of which there is a considerable

diminishing expectation of relief, just as there used to be after the

repeated peripheral nerve divisions. Many of these patients have

had accidents following the injection, such as paralysis of the abdu-
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cens, of the facial with a Meniere's syndrome from injection of the

alcohol into the Eustachian tube, or bad sloughs of the sphenoidal

bone leading to a troublesome ozena. I think, therefore, that though

it is regarded as a minor procedure, the injection of alcohol cannot

be looked upon as a measure which is entirely free from possible

unpleasant consequences.

Dr. Samuel J. Mixter, Boston.

I must say a word on this subject because it is an operation that I

have done a great many times, and I want to say that from my
experience I am not convinced that it is always necessary to take out

the posterior root. I think that some modification of the Abbe method
where the nerves are divided and the ganglion injected is necessary

because it is exposed and "the base of the skull or triangular opening

filled with amalgam answers every purpose. You save the first

division, and even if there is pain in that division it is relieved by
operation on the second, and I only remember two patients in which

I had later to evulse the second division. It is only in extraordinary

cases, possibly on both sides, that I think it necessary to evulse the

motor division of the posterior root.

Dr. Alexis V. Moschcowttz, New York.

My experience is rather limited with the ganglion operation, but

after losing a patient I have revised my views somewhat on the subject,

and am gradually coming back to some form of a peripheral operation.

Trigeminal neuralgia is a beautiful example of the contrariness of

surgery; when we wish to divide a nerve and have it stay divided,

it is one of the most difl&cult problems of surgery; contrarily it is just

as difficult to suture a divided nerve and to have it grow together.

In view of the fact that alcohol acts in trigeminal neuralgia merely

by causing a degeneration of the nerve, and as in the course of a few

months this degeneration is followed by a regeneration of the nerve

and a recurrence of the neuralgia, I have devised some years ago an
operation the aim of which is to prevent this regeneration. At
that time I was unacquainted with the Mayo screws, and have devised

a button, with which I block the foramina of exit, and thus prevent

reunion of the divided nerve. The operation has given me good

results in a number of cases, but only in those in which the neuralgia

involves merely the peripheral area of the nerve distribution; natu-

rally it is of no value in posterior involvements.



REPORT OF THE CO^HIITTEE OX THE CONTROL
OF CANCER

By C. L. GIBSON, M.D.
NEW YORK

At the ninth meeting of the Congress of American Physicians

and Surgeons, held in Washington in May, 1913, the American

G}Tiecological Society presented to the other branches of the

Congress an identical resolution requesting the appointment of

two or more delegates to cooperate in forming a national organ-

ization to conduct educational propaganda regarding the pre-

vention and cure of cancer. In preparing its report and recom-

mendation the committee of the Gynecological Society had secured

the interest and promised support of a group of lay citizens of

New York, five of whom guaranteed $5000 toward the first

year's expenses of the proposed organization, but solely on con-

dition that the project be approved not only by the Gynecological

Society but the profession generally.

A majority of the constituent societies of the Congress

promptly responded to the suggestion of the Gynecological

Society and appointed delegates. These delegates were invited

to a meeting in New York City, at which time the American

Society for the Control of Cancer was duly organized, and the

following declaration of its design and scope embodied in the

constitution

:

"To disseminate knowledge concerning the symptoms, diag-

nosis, treatment, and prevention of cancer, to investigate the

conditions under which cancer is found and to compile statistics

in regard thereto.

"
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It is but fitting that a movement which traces its origin and

so large a part of its prestige with the profession and pubHc

to the Congress of 19 13, should present on this occasion an

acknowledgement of indebtedness to all the cooperating organ-

izations and make some account of methods of work and prog-

ress during the last three years.

Plan ant) Scope. The purpose of the society as just stated

prescribes two main hnes of activity: (i) a campaign of public

and professional instruction, and (2) the collection of statistical

data. Experimental research, the support of hospitals or clinics,

and the care and treatment of individual patients are not con-

templated. In extending its influence and carrjdng on its work

the society necessarily devotes a large share of its direct efforts

to securing the interest of other organizations and forces which

are in a position to render assistance in local fields.

Professional Endorsement. Other prominent professional

bodies have successively recorded their approval and support

of the project. Resolutions of endorsement have been adopted

by the American Medical Association, the Clinical Congress

of Surgeons, the Western Surgical Association, the Southern

Surgical and Gynecological Association, and many State and

local medical societies.

Executive Control. The government of the society is

vested in a Board of Directors which numbers sixty-six members.

The direction of the work in detail is delegated to an executive

committee of thirteen directors, including the chairmen of

standing committees on organization, membership, finance,

pubHcation, and statistics.

Membership and Finance. A modest budget is raised entirely

from dues of members at five dollars per annum and from special

contributions in large amounts.

State and Local Committees. Branch committees of the

society are formed in the several States and cities, not as inde-

pendent local organizations, but as integral parts of the single

national society. The chairmen of State committees are usually

members of the National Board of Directors, and are vested with
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full power to appoint the other members of their committees

and supervise their work. State committees in turn may organ-

ize local committees in the principal centers of population wher-

ever the interest and needs warrant.

Organization and Cooperation. The society has con-

sidered it a matter of first importance to develop its National

Executive Office as a central bureau and clearing-house through

w^hich to seek the cooperation of all appropriate general and

local agencies and to receive and transmit impulses tending to

further the propaganda of public instruction in all parts of the

country.

Boards of Health. Wide-spread and increasingly efi'ective

work is being done by State and city boards of health in the

direction of instructing the public regarding the prevention of

disease. The society therefore endeavors to have the more

progressive health officers devote a proportionate share of atten-

tion to cancer in this connection, and the national office under-

takes to furnish data, statistics, and special articles produced

under the supervision of the appropriate committees, for local

use in the name of the board of health.

Medical Societies ant) Education of the Profession.

The design of the society is taken to include eft'orts to keep

the general practitioner in touch with the latest developments

in the knowledge of cancer and cognizant of his duty to the

patient. In this field, however, it is felt that the regular pro-

fessional organizations should take the lead. The society

therefore oft'ers all possible cooperation and assistance to State

and county medical societies in providing literature and speakers,

and to the various medical journals in publishing appropriate

articles. Many State societies have appointed special cancer

committees, some of these, as in the case of Pennsylvania, ante-

dating the formation of the national organization, and repre-

senting notable pioneer work in this field in America.

Nurses. Systematic eft'ort is made to promote the instruction

of nurses regarding the earlier phases of malignant disease and

predisposing conditions, in order that they may be adequately
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prepared to advise people, especially women with whom they

come in contact in the course of their duties, to seek professional

attention in time. A series of special articles for nurses has been

published, meetings for nurses have been arranged, all the lead-

ing schools of nursing in the country have been urged to include

in their courses lectures of the early signs and s}Tnptoms of

cancer, and opportunities are sought to present the subject at

the annual meetings of State and national organizations of nurses,

a number of which have recorded their endorsement of the pur-

pose and methods of the society.

Social Workers. The field workers of charity organization

societies have similar opportunities to advise people who do not

ordinarily read newspapers and educational books and pamphlets.

The national office has therefore circularized several hundred of

the larger charity organization societies in the various States,

seeking their interest and cooperation in holding pubUc meetings

and in arranging for the special instruction of the members of

their working forces.

Women's Clubs. Women's organizations have proved one

of the most effective single agencies in disseminating knowledge

of early cancer and the conditions leading to the disease. The

work of the society has been brought to the attention of the

national and State federations of women's clubs, and the appro-

priate committee officials have been circularized in order to secure

their cooperation in suggesting this topic to local clubs. As a

result, women's clubs in many States and cities have frequently

taken the lead in arranging public meetings and in providing

lectures in their regular study programs.

Insurance Companies. The cooperation of the leading insur-

ance companies is sought in respect to statistical investigations

and for the distribution of educational literature. One of the

largest companies has reprinted at the suggestion of the society

a cancer leaflet which it is prepared to distribute to the number

of two million copies.

Industrial and Welfare Organizations. Many of the

larger industrial, commercial, and transportation companies
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have undertaken extensive welfare work and health instruc-

tion for the benefit of their employees. The society has offered

to the appropriate officials of these companies any desired assist-

ance in providing speakers and circulars, or suggestions for

the preparation of special literature to be distributed by the

companies themselves. In this connection the cooperation of

such organizations as the National Civic Federation, the National

Safety Council, and the American Museum of Safety has been

invited.

Newspaper Publicity. By direct effort and through its

local committees and various other agencies already referred

to the society stimulates the publication of carefully considered

newspaper articles. So far as possible, the character of this

matter is controlled by the national organization, which sends

out in its own press service short articles prepared under the

close scrutiny of a committee on publication made up of profes-

sional men of recognized standing. From the beginning the

society has also had the benefit of the constant advice and cooper-

ation of the Council on Health and Public Instruction of the Amer-

ican Medical Association, and by special arrangement a cancer

article has been supplied for each issue of A. M. A. press ser\dce

which reaches a selected list of several thousand newspapers.

Valuable newspaper publicity has also been secured through

the work of some of the leading State and city boards of health,

whose statements to the editors on this topic are frequently

given better attention and more space than articles sent out by

a distant national bureau.

Circulars and Bulletins. The society has published for

general distribution to the public a number of leaflets giving

in simple language the elementary facts about the disease.

A series of special bulletins is also published for more limited

distribution among members of the society and those who are

directly concerned in organizing local educational campaigns.

Public Meetings .\nd Lectures. To inaugurate work in

each of the more important cities, the cooperation of professional,

civic, and religious forces is secured in arranging a general public
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meeting at which recognized experts may discuss the various

phases of the cancer problem. It is a particular function of

local committees to arrange for such lectures. The society

through its national and branch offices undertakes to act as a

lecture bureau and to provide qualified speakers for meetings

in any part of the country.

Statistical Research. The second principal object of

the society is to organize statistical research on a broader basis

than has hitherto been possible. While numerous individuals,

clinics, research laboratories, insurance companies, and public

health departments have been interested in this field and have

done valuable independent work, the society has now under-

taken to coordinate all these agencies for the conduct of special

investigations on a larger scale. To this end a statistical advisory

board has been formed which includes thirty representatives

of the leading American organizations in the several classes

referred to.

National Mortality Statistics. At the suggestion of the

society the Director of the United States Census has ordered

the publication of a special report on the cancer mortality of

1 9 14, which is now in press and will constitute one of the most

important statistical studies of this disease so far made under

the auspices of any government.

Oper-\tive Statistics. The society has also undertaken the

collection and study of records of operations for cancer in num-
bers approximately as great as those represented in the national

mortality statistics. A blank has been prepared by a subcom-

mittee of the statistical advisory board, and leading surgeons

throughout the country are asked to cooperate in this study

by reporting thereon a few essential facts regarding each case

of the disease on which they operate, either in private practice

or in hospital service. The records thus obtained will be followed

up at intervals of one year by inquiry addressed to the surgeon,

and the data will be tabulated and analyzed by expert statis-

tical methods. Any new and definite evidence as to the curability

of cancer which may result will be laid before the public in the
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course of the educational campaign, but any such announce-

ment will be in the name of the society, and no comparison or

publication of the work of individual surgeons will be authorized.

Hospital Records. The committee on statistics has also

prepared a series of more detailed blanks, one for each principal

t>'pe of malignant disease, on which to record the full history

of cases as a basis for careful study of etiological factors. These

forms have been put into experimental use, and when perfected

will be offered for use in a number of the larger hospitals in

the endeavor to bring out important factors surrounding the

occurrence of cancer in the individual, in the family, and in the

community.
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Melanotic sarcoma, or melanoma, one of the most common
varieties of malignant tumors, was first described as occurring

in horses, in the latter part of the eighteenth century (Brug-

uome in 1784 and Latournelle in 1809).

Laennec was the first to write about this t\-pe of tumor in

man. In 1806 Laennec and Bayle published a report of cases

of melanotic tumors of the lungs and other organs. Laennec

regarded these tumors as accidental productions, representing

one of the varieties of cancer, and divided them into four classes

:

1. Tumor masses encased in cysts.

2. Non-encapsulated tumor masses.

3. Tumor masses infiltrating the tissues of an organ.

4. Masses deposited upon the surface of an organ.

This rather artificial classification obtained for a long time,

and for a number of years our knowledge of these tumors

advanced but Httle except for the study of veterinary surgeons,

which showed that they usually occurred in animals with white

skin, and that the condition was hereditary and capable of

transmission from one generation to another.

The discussion as to the origin of these tumors from fibrous



320 COLEY, hoguet: melanotic cancer or melanoma

tissue or epithelium has been going on for a long time, and has

not as yet been entirely settled. We know very little about the

origin of malignant tumors, and this is especially true of mel-

anotic tumors. As far as our present knowledge goes there is little

evidence of heredity in this type in man. The great majority of

melanotic sarcomas, aside from those in the eye or orbit, develop

from congenital moles or pigmented warts; but there are some

important exceptions which will be mentioned in the paragraph

on Primary Site of the Disease.

Trauma in the form of local injury, or more especially of

repeated irritation, plays a very important part in the etiology

of this group of tumors. The effect of trauma has long been

noted, Busch having called. attention to it many years ago, and

reported specific examples as far back -as 1880 {Berliner klin.

Wochnschr., 1880, No. 16), and in our series of cases reported here

there are several cases which confirm the truth of this theory.

We believe that melanotic neoplasms are probably of an infec-

tious nature; that they are due to some extrinsic cause, e. g.,

some specific microorganism or virus which finds in the con-

genital mole that has been irritated or injured the most favorable

conditions for development. We do not believe that'the pigment

or melanin is the sole cause of the proliferation of the cells, as

held by some writers, but rather that some microorganism

excites the cells to the production of the characteristic pigment.

Recently published observations on the "Etiology of Sar-

coma in the Rat," by Albert S. Leyton (Professor of Pathology,

University of Leeds) and Helen G. Leyton, lend support to this

theory. While it was hitherto known that certain sarcomata

in animals, as for instance the chicken sarcoma (Peyton Rous),

had a filterable virus capable of producing the disease by inocu-

lation, it remained for the Leytons to prove that the same is

true of rat sarcoma. Their experiments were carried out as

follows: An emulsion of sarcoma was passed through a Cham-

berland filter and eighteen rats were inoculated with this filtrate.

In four a tumor exactly similar to the original spindle-celled

sarcoma developed. They hold that the active cause of this
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rat sarcoma is a streptothrix, and while it may not be possible

for this organism to pass through a Chamberland filter, it pro-

duces spores which do pass through. They also add, in order to

test the relationship of the streptothrix to the formation of

sarcoma, several rats were fed with it weekly for some time;

so far a tumor has resulted in one of the fed rats only. In the

mediastinum was a growth about the size of a cherry, together

with several smaller ones, which had all the characters of a

spindle-celled sarcoma, and was inoculable.

At present the most uncomprising opponents of the theory

of the microbic origin of cancer are willing to concede that

not only Hodgkin's disease but Ijinphosarcoma as well is of

infectious origin. We believe that possibly in the future other

groups of maHgnant tumors may be taken out of the general

group of "cancer" and placed in the same category as "infectious

granulomata.

"

"The experimental production of tumors in plants by

inoculation of a specific bacterium," by Dr. Erwin F. Smith

(Bureau of Plant Pathology, Washington, D. C), is, we beheve,

of extreme importance and may have a bearing upon the ques-

tion of the etiology of human tumors. These tumors in his-

tological structure and metastases furnish a striking analogy to

malignant tumors in animals and in man. The most remarkable

feature of these tumors is the fact that it has been found possible

to produce the different tN^^es from the same microorganism

by simply varying the site and depth of inoculation. One type

of tumor that the opponents of the parasitic theory of tumors

have always regarded as impossible to explain on the basis of

any other theory but that of Cohnheim, has been the teratoma.

Yet, very recently Dr. Smith has demonstrated that he could

also produce a t}pical teratoma or embr^'oma in plants by

simply inoculating the organism at the site of a latent bud

between the leaf and the stalk. The results of these experiments

he has just reported in a paper read before the American Cancer

Research Society, May 7, 191 6. He also showed numerous

examples of these tumors growing in plants, in the Bureau of

Am Surg 2i
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Plant Pathology. Of course, it is possible to deny any analogy

between tumors in plants and tumors in man, but no one can

examine these tumors microscopically and study their develop-

ment in the plant itself without being deeply impressed with

the possibility of such analogy.

Becheaux.i in discussing the contagiousness of malignant mel-

anotic tumors, states that for a long time efforts have been

made to ascertain whether they were contagious and inoculable.

Goujon^ injected fresh material from melanotic tumors in

man under the skin of dift"erent animals, with the result that

within a certain time the disease developed and became gen-

eralized in all of the animals.

Klerck was able to produce melanotic tumors in one horse

and then another by inoculation. Eiselt observed a hostler

who contracted the disease while taking care of horses suffering

from melanotic tumors. Later, Queyrat inoculated two mon-

keys, one under the peritoneum and the other under the skin,

with fragments of melanotic sarcoma. The inoculations gave

positive results and the animals died of the disease at the end

of two and two and a half months respectively. Other experi-

menters have also been able to obtain positi\-e results from

inoculation.

Becheaux believes that these facts are sufficient to give a serious

point to the theory of Bard, who beheves in the existence of a

special form of microorganism, which is the cause of melanotic

sarcoma.

In connection with Case XVIII we would state that in 1895,.

Dr. B. H. Buxton (late professor of experimental pathology,

Cornell University ^Medical College) and one of the writers

(Coley) experimented with inoculations of melanotic sarcoma

in rabbits. Numerous small subcutaneous melanotic tumors,

were removed from the above case, and under strict aseptic

1 Paris Thesis, 1908-09.

- We have been unable to verify these references either in the Hbrary of the

Academy of Medicine in New York or the Surgeon-General's Librarj' at

Washington.
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precautions, were ground up and inoculated into the peritoneum

in three rabbits. The latter were also fed upon pulverized por-

tions of tumor spread upon lettuce leaves. Within three months

all of the rabbits died, and in each case the Hver was found to

be filled with multiple tumors, the pathology of which was
uncertain; they were grayish-white in appearance with no

pigmented areas, and varied in size from one-eighth to one-half

inch in diameter. It could not positively be determined whether

they developed as a result of the inoculation or whether they

were examples of independent coccidial disease. They were not

regarded as true tumors by the pathologists who examined these

specimens.

In one of our most recent cases (No. XXIV) a series of inocu-

lations was carried out by Dr. Richard Weil, with entirely

negative results.

Pathologically, all melanosarcomata are characterized by the

fact that they contain a pigment, brown or black in color^

which is a product of cell metabolism, and which usually con-

tains no iron. This melanin is found in the cells themselves or

in the intercellular substance, and usually is present in the

form of granular matter. The tumor itself is made up of cells,

which may be round, spindle-shaped, quite irregular in outline,

or very large in size (giant cell) . In many of these tumors there

is a tendency for the cells to assume an alveolar arrangement.

Whether in this t\pe of tumor the cells are of epithelial or con-

nective-tissue origin has not as yet been entirely settled.

Miiller regarded melanotic tumors as carcinomas; Lebert

as simple cancer. Stromeyer was the first to term them melan-

otic sarcomata, and later on Virchow established the existence

and frequency of such tumors and regarded the majority as

sarcoma, but also recognized cases of carcinoma. Johnston, in

his paper in the Journal of Cutaneous Diseases, 1905, says:

"Aside from the natural division into choroid and skin tumors,

melanotic neoplasms, which from their diversity of origin are

best called melanomas, show several varieties:

"i. The commonest and therefore most important is that
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derived from soft nevi. which are endotheliomas of lymph-vessel

origin.

"2. A second variety exists with the same histological picture

which does not spring from nevi and whose origin is directly

traceable to endothehoma, probably also lymphatic. These

tumors are probably primary in the Ijonphatic vessels or glands.

^^

Fig. I.—Melanoma starting in ven- large pigmented moles (multiple) on face.

Generalization of disease.

"3. The third division is truly epithelial in origin. These

tumors are of ^•arious types and show only a very sHght tendency

to malignancy, a fact sufficient in itself to determine a cardinal

difference from the melano-endotheliomas, whose capacity in

this connection can hardly be exaggerated."

The majority of investigators now believe that these tumors

are of ectodermal origin. A very strong point in the dctcrmina-
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tion of the kind of cells that these tumors spring from is the

pigment formation. Wieting and Hamdi {Beitr. z. path. Anat-

omie, 1907, vol. xlii) say that they consider pigmentation around

ulcers the result of chronic irritation, which, according to the

manner and the place of irritation, leads to increased production

of corneous substance, or prohferation of the epithelium, or

to overproduction of pigment. The pigmentation due to the

Fig. 2.—Same case—side view.

Roentgen rays and the sunlight must be explained in the same

manner. It is probable that melanotic tumors arise from epithe-

lial cells which, as a result of hmited embryonal malformation

as regards function, possess exceptional pigment-forming quali-

ties, which are increased by the abnormal prohferation. They

hold that excessive production of pigment is an expression of

pathologically increased function of the cell, which ends with

its death, and investigation as to normal and pathological pig-
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mentation force them to recognize onh" an epithelial pigment

formation.

Borst [die Lchre v. d. Geschwol.) say that all melanoblastomas

occurring in the realm of the ectoderm can easily be explained

genetically. He also says that he does not hesitate to credit the

entodermal epithelium ^vith the capacity to form pigment.

Mallory classes melanomas as sarcomas, and beheves they

originate from connective-tissue cells.

Fig. 3.—Melanotic sarcoma of thigh; primary' tumor. (See Case XXXI
in tables.)

A careful study of the most important literature on the sub-

ject shows that at present it is impossible to formulate any defi-

nitely accepted classification based upon the histological struc-

ture, and the report of a case by Leo {Society dc Chir. dc Paris,

191 2, 1007) illustrates the difficulties in this connection. His

case, clinically, resembles very closely the ordinary t\-pe of

so-called melanotic sarcoma. The histological structure was
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very carefully studied by Dr. Herrenschmidt, who stated that

nothing in the architecture of the neoplasm or in the morphology
of the melanin-bearing cells permitted one to state positively

that it was a sarcoma or an epithehoma. Certain features of

the case would justify one in calHng it an alveolar melanotic

sarcoma, and other points would quite as well justify one in

calling it "atj-pique melanome epitheHome." For those who
preferred to reserve their opinion on the histology of the tumor,
he suggested calling it a ''melanome congenital atypique."

Fig. 4.—Melanoma of eye in child, aged one and a half years (youngest

of series).

Our own cases seem to justify the view that certain melanotic
tumors are apparently of connective-tissue origin, and might
properly be called melanotic sarcoma. Other cases are equally

as clearly of epithelial origin, and in certain other cases, like Leo's,

it is almost impossible to determine in which t\pe of cell the

tumor originated. Possibly the most rational method of dealing

with these cases is to classify them all as malignant melanomas.
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or melanotic cancer, without attempting too closely to determine

the exact point of origin.

W. Sampson Handley, author of the "Hunterian Lectures on

Melanotic New Growths" {Lancet, 1907, 927-996), although

originally of the opinion that these tumors were of epithehal

origin, after a most careful study is now strongly of the behef

that practically all melanotic new growths are of connective-

tissue origin. This view is strongly held by Ribbert, who has

also made a most thorough study of the subject.

Fig. 5.—Melanoma of neck, starting in pigmented mole.

Eve, basing his views chiefly on clinical observations, holds

that these tumors are practically all of epithelial origin, and

points out many clinical features in which they resemble car-

cinoma.

Choher and Bonnet say that primary melanosarcomas of the

rectum originate in the endothelial spaces of the submucosa,

infiltrating both into the musculosa and the mucosa, breaking
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through the latter and ulcerating. The whole process probably

arises from the inclusion of epithelial cells; hence these authors

conclude that these tumors are epitheHomata of the Malpighian

or ectodermal t>'pe arising in the anal region from ]Malpighian

epithehum.

At the present time opinions are of such wide diversity that

it is impossible to express any positive view as to the classifica-

tion of melanotic new growths. From our own observations we

are inclined to the behef that there is a measure of truth in both

theories. The majority of tumors are probably of connective-

tissue origin, while a certain number are epithelial.

The life-history of these tumors is very variable. In the great

majority of cases a pigmented mole is the starting-point of the

disease. This mole may have been present for years without

undergoing any change, but it gradually begins to ulcerate, its

base becomes indurated, or slightly elevated, and it may increase

slightly in size. Within a very short time the nearest glands

become swollen and increase fairly rapidly in size. The skin over

the glands may become bluish-black in color, and finally its sur-

face may ulcerate, allowing the discharge of characteristic bluish-

black material. In many cases the glands in the neighborhood

do not enlarge very much or very rapidly, but a large number

of nodules are found all over the body under the skin. Metas-

tases may occur in the internal organs, lungs, liver, spleen,

kidneys, and the brain. Hand in hand with the apjx^arance of

metastases there is a rather slowly progressing loss of strength

and weight, together with an ever-increasing anemia.

WTien the primary tumor has been in the eye the favorite

site for metastases is the liver. The involvement of this

organ may occur years after the enucleation of the eye or may

appear almost immediately. In these cases the other organs

are involved shortly after the liver, and the subcutaneous tumors

appear also. In many cases metastases, whether lymphatic,

internal, or subcutaneous, may occur when the original tumor

is of such small size that the patient does not even consult a

physician about it. There is also the class of cases which, on
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account of our inability to find a primary focus, we are forced

to call primary in the h-mphatic system. As will be seen from

our list of cases, most of these are in the cervical glands, and

seem to be of an especially malignant character, causing death

in a short time.

Fig. 6.—Melanotic carcinoma apparently starting in gland of neck. (See

Case LVII in tables.)

The manner of extension of melanotic neoplasms beyond

the primary focus of the disease differs somewhat from that

obsers'ed in other t}pes of cancer. This extension has been very

clearly described by Sampson Handley (loc. cit.). There is no

reason to doubt the characteristics in melanotic tumors, which,

he states, usually extend in two ways: (i) by the permea-

tion method (already described by Handley in reference to

carcinoma of the breast), that is, a centripetal distention into

the lymph vessels and spaces covering the deep fascial planes.
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and (2) the involvement of the vessels, usually the neighboring

veins, with the destruction of the walls of the vessels; the for-

mation of thrombi which later permit the escape of small emboli

which spread the disease to all parts of the body, most frequently

the liver and the lungs.

A few cases have been reported in which marked spontaneous

regression of melanotic growths has taken place. In all of these

•cases we beheve this regression has proA-ed only temporary.

The most remarkable case is that of Sir Alfred Pearce Gould,

reported by Handley (loc. cit.). A very large number of sub-

cutaneous melanomata disappeared in the course of a few

months, but the patient later died of internal metastases. It

is only fair to state that the patient durmg this period was

taking a preparation of Venetian turpentine and sulphur.

The duration of life in our cases was found to be \-ery variable.

The most mahgnant tumor we have in our series was one which

appeared in the axillary glands, causing the death of the patient

in one month from the time of its appearance. We also find a

case where death occurred in nine months, and in another in

eighteen months. The majority of cases last from two to three

3'ears, but we have several cases which lasted from eight to ten

years.

While nearly all of the text-books and authorities on cancer

state that malignant tumors of the melanotic t>-pe are primary

in the skin, the matrLx of the nail, or the eye, careful investi-

gation shows that in a small group of cases the tumor originates

at other sites and in other structures.

Eberman, of Petrograd {Deut. Zeit. /. Chir., 1896), reports

30 cases of melanoma, 4 of which were primary in the rectum

and 2 in the lymphatic glands.

Wieting and Hamdi {loc. cit) report a large number of such

cases, with specific references. Among these are: melanosar-

coma of the intestine, by Treves; of the liver, by Frederichs

and V. Block; of the rectum, by Wiener; of the uterus, by

Williams; of the bladder, by Thompson; of a submaxillary

lymph node, by Cecca; of the bone-marrow, by Rindfleisch; of
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the mammary gland, by Langenbeck; of the esophagus by Baur„

as well as a number of others.

Cholier and Bonnet, m the Revue de CJiirurgie, 19 14, reported

a large number of cases in which the disease was primary in

the rectum.

Eve states there is i case on record of a primary melanoma

of the spinal cord. We have in our own series i case of melano-

sarcoma of the rectum, i of the breast, and 5 cases in which

the tumor was apparently primary in the lymphatic glands.

In these cases no other site of origin could be found during the

course of the disease; but it is only fair to state that no autopsy

was made. E\'e cites i case in which autopsy failed to reveal

any other focus of the disease, until at the end, the last portion

of the rectum was examined and a small melanotic tumor was

found, situated a short distance from the anus.

The prognosis of melanotic tumors has been regarded almost

uni\'ersally as hopeless. Boulay {Archives generates de medeciney.

July, 1888) has made an exhaustive study of the prognosis in

this variety of tumors. He states that Dupuytren laid down

the principle that operation is contra-indicated in melanotic

cancer, and Velpeau, Cruveilhier, and Virchow express the

same views with regard to the prognosis of these tumors. From
their statistics, as well as those of Cornil and Trasbot, conclu-

sion is drawn that the prognosis of melanotic tumors is fatal,,

and that the patient is better without surgical intervention.

The reason against operation is the fact that the disease remains

local for such a short time, usually becoming generaHzed before

surgical operation is considered.

In spite of the opinion of these distinguished authorities,

Boulay believed that a large number of cases will be found in

which operation has been performed successfully, and a study

of which ought to throw some hght upon the Cjuestion of the

value of surgical intervention.

Boulay states that the dangers of surgical intervention did

not seem to have much effect in arresting the hand of the sur-

geon. It appears, on the contrary, that the well-known malig-
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nancy of these tumors when left to themselves has, in a way.

influenced the surgeon to make as complete an extirpation as

possible.

Dietrich, in Langenheck's Archiv for 1887, expressed the ideas

of his superior, Czerny, in advising a wide extirpation of

melanotic tumors, the only contra-indication to this procedure

Fig. 7.—Melanotic sarcoma of thigh. The wound as it appeared just before

death of patient. (Sec Case XXXII in tables.)

being cachexia. He believed that the advantages of the opera-

tion were: a favorable influence upon pain and hemorrhage,

and in certain cases, prolongation of life, if nothing more.

By a careful study of the cases reported between 1880 and

1888, in which surgical operation was performed, Boulay attempts

to settle the question of the wisdom of surgical intervention.

He divides his statistics into (i) cases subjected to surgical

intervention and (2) those in which no operation was performed.
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In his series of 191 cases, in which an abstract of the patient's

history is given, we find that 152 were operated upon and 39

cases were treated without operation. In the foregoing number

of cases operated upon no data regarding the late results is

given in 37 cases. As regards the remaining 115 cases, 72 died

almost immediately following the operation, and in 36 cases

mentioned as having survived the operation, recurrence or

generalization of the disease took place shortly after; the

remaining 19 cases were free from local or general recurrence,

and reported as having been cured.

Boulay divides his series into three groups, the first, showing

the interval which elapsed between the date of operation and

the time of recurrence, viz.:

Less than two months 11 cases

From two to six months 12 "

From six to twelve months 6 "

From twelve to fifteen months 3 "

Second group, showing the period which elapsed between the

operation and death

:

Fifteen days and less 12 cases

From fifteen days to one month 4

From one to six months 17

From six to twelve months 7

From one to two years i

From two to three years i

Ten years i

43

In the above group 40 died after a period of one year from the

time of operation. The average duration of the disease before

operation was six to seven months. In 15 cases the operation

was supposed to have been followed by a cure.

The more important question now arises as to how long a

period after operation a patient suffering from a melanotic tumor
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must remain free from recurrence before being regarded as a

cure. Three years' freedom from the disease has generally

been considered by the profession as a sufficient period after

which to justify classifying the case as a cure. One of the cases

cited by Boulay remained well for ten years after operation,

and finally died from generaHzation of a melanotic sarcoma, and

in two cases cited by Eve (both of the eye) recurrence took place

after five and ten years respectively.

In 19 of Boulay 's cases, which had remained well, the period

of observation is given as follows:

Four days i case.

Seven days I

Five months 2

One year 3

One year, two and a half months i

Two and a half years i

Three years 2

Four years i

Four and a half years 2

Five years i

Five and a half years i

Xine years i

Twelve years i

Unknown I

Accepting the three-year standard, we have 9 cases of the

entire series that can be classified as ''cures" after operation.

Boulay believes that in many cases the disease is primary in

the viscera and that the external tumor which causes the patient

to consult a surgeon is really a secondary affair.

In conclusion, Boulay states that in this present series of

cases, permanent cures, or at least successes, have been obtained

by a wide extirpation of the primary disease —although the

number has been comparatively small. On the other hand, he

believes that in many cases surgical intervention has not only

been useless but distinctly harmful, the Hfe of the patient hav-

ing been decidedly shortened as if a violent stimulus to the
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activity of the disease had been given. He concludes that the

question of the curability of melanotic tumors has made no

progress, but if one decides on surgical intervention, one must

reject everything in the way of half-measures—cauteries and

ligatures should never be used, but as complete an extirpation

as possible should be done.

Fig. S.—Primary in mole of temporal region. (vSee Case LXV in tables.)

Treatment. As far as treatment is concerned, by far the

most important question is that of prophylactic treatment.

Inasmuch as the great majority of melanomas have their origin

in a pigmented mole that has undergone either chronic irritation,

or is the site of a recent trauma, it would seem rational to

advise the removal of all moles, particularly those that have

been injured, or are located in the exposed portions of the

body.

We believe it very important to choose the best method of
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removal of such moles, for in many cases in our own experience

the injudicious methods of removal have apparently been the

exciting cause of the melanoma. This particularly refers to the

method of removal with silk ligature, electric cautery, or liquid

air. Free excision with the knife, including a portion of the

underlying skin and fascia, is, we believe, the best and safest

method of procedure. It is possible that the mole can be

Fig. 9.—Primary in neck.

easily and quickly removed by single doses of radium, but

whether or not the irritation caused by the radium might be

a predisposing cause in the development of a melanoma is a

question on which we have not sufficient data to make it possible

to answer at the present time. Personally we believe the use of

radium or .r-rays in a pigmented mole or in an operable melan-

oma a most unwise procedure and attended with grave risks.

Unfortunately, the surgeon rarely sees a primary melanoma
Am Surg 22
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at a period when surgery might offer some hope of a permanent

cure. In the early stages of the disease, when the mole has

begun to show signs of irritation or ulceration, the patient

first consults the family physician, who, because of the rarity

of the condition, fails to appreciate its gravity, and either ties

off the mole with a silk ligature or appHes some caustic, like

nitrate of silver or liquid air, which only increases the irritation

and hastens its transformation into a highly malignant tumor.

It is only when the disease begins to recur, locally or systemi-

FiG. 10.—Primary in nasal cavity.

cally, that the patient is referred to a surgeon, and at this

stage surgery can accomplish Httle or nothing in the way of a

permanent cure.

If the disease is seen in the early stage, the method of opera-

tion advocated by W. Sampson Handley, of London (in 1909),

is undoubtedly the best: Excision of the tumor together with

a very wide margin of the skin, including all of the underlying

fascia, and a careful dissection of the nearest l}iiiph glands

whether they are palpably enlarged or not.
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For many years the Roentgen rays have been tried in a

number of cases of this t^pe of mahgnant tumor at the Memorial

Hospital. In some, marked inhibition of the growth followed,

but the improvement was only temporary, and after a few

months (in one case a year) the disease ran its course.

As far as we know no very large number of melanomas have

been treated with radium; certainly but a few with large doses

of radium. One case at the IMemorial Hospital (treated by Dr.

Janeway)—a melanoma apparently starting in the nasal cavity

and involving the antrum—showed marked improvement under

the combined treatment of hgature of the external carotid fol-

lowed by a course of radium treatment. The disease was almost

completely controlled for several weeks, but then began to

progress rapidly, causing death a few months later; no autopsy

was obtained.

The mixed toxins of erysipelas and Bacillus prodigiosus have

been tried in 21 cases of inoperable melanotic growths by one

of the waiters. In not a single case, however, has a permanent

cure been obtained unless such can be claimed in the case, later

described in detail, in which the toxins were used for a supposed

recurrence after operation, and in which the patient has remained

well up to the present time, six years later. In this case there is

considerable doubt as to whether the condition found at the

time was a recurrence or not.

On the other hand, it should be stated that marked retardation

of the disease in a number of cases in which the toxins were

used has been observed, and more important still that, in

authentic cases, undoubted recurrent and inoperable melanotic

mahgnant tumors have disappeared under the injections of

erysipelas and Bacillus prodigiosus without other treatment.

In two of these cases, the first treated by Dr. Greenwood, of

Leeds, England {Lancet, January, 191 2), the patient is still well,

upward of five years, and in another, treated by Dr. Howard

LiUenthal, of New York, the patient is now well over ten years.

In the third case, that of Dr. Bunts, of Cleveland, Ohio,

disappearance of the tumor took place under the use of the
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Fig. II.—See Case LV in tables.

Fig. 12.—Melanotic sarcoma of the scapula. (.See Case XVI in tables.)
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toxins, but the patient died of metastases in the brain nine

months later fno local recurrence). In the fourth case, Dr.

George R. Fowler's, the patient remained well for two years,

and then had a recurrence which proved fatal.

These cases are too few to offer much hope of a cure of inoper-

able melanoma, yet they furnish sufficient evidence of the inhibi-

tory action of the toxins, in our opinion, to justify a routine

method of treatment with the toxins in all cases after primary

operation, in the hope of lessening the number of recurrences.

Fir,. 13.—Sec Case II in tables.

The case treated by Dr. Howard Lilienthal, of New York,

is perhaps the most important of all, showing the curatixT \-alue

of the toxins in this t}pe.

Case L—The case was first reported by Dr. Lilienthal in the

Annals of Surgery (1903, xxxvii, 440), who stated that the tumor

started in the region of the seventh rib and extended so that

it involved a considerable portion of the eighth rib as well. An
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attempt at surgical removal was made on November 15. 1901,

at which time the whole seventh rib, together with a consider-

able portion of the eighth, was remo\'ed. The pleura was

involved to such an extent that no attempt at radical operation

was made, and the wound was closed with drainage. Shortly

after the tumor reappeared in the Hne of the cicatrix, and the

patient's general condition markedly declined. At this time

Fig. 14.—Case I (Dr. Lilienthal's case).

the patient was put upon the mixed toxins of erysipelas and

Bacillus prodigiosus (Coley), the preparation being obtained

from Parke, Davis & Company. The initial dose was ^ minim,

which was gradually increased up to 5 minims, which produced

a severe reaction. The treatment was kept up for eight weeks.

Almost immediately after the first few injections the tumor

began to decrease in size, and his general health showed signs of

impro\ement. By the time the treatment was discontinued.
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the tumor had entirely disappeared, and the patient had com-

pletely recovered his normal health. He is in good health at

the present time, fifteen years later.

A specimen of the portion removed was submitted to Dr.

F. S. Mandlebaum (pathologist, Mt. Sinai Hospital), who

reported that "the tumor is a pigmented sarcoma of the mLxed

fibromatous t}pe; the prominent feature of the tumor is the

infiltration of the sarcomatous tissue, with pigmented cells."

Fu.. 15.—Case I ('l)r. Lilicnthal's case).

Case 11.—The case of Greenwood has already been published

in the Lancet of January 19, 1912. p. 25, but it is so important

that it is worthy of brief reference, to which we are able to add

the subsequent history of the case:

Mr. J. B. was operated upon for a melanotic sarcoma of the

neck in February, 191 1. The operation was incomplete. The

tumor recurred almost immediately and grew rapidly. On

March 3, 191 1, when the toxins were begun, it was 25 x 2 inches
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in size. The initial dose was | minim, which was gradually in-

creased up to lo minims. He received thirty-six injections from

March 13 to July 11, all of which were made in the neighborhood

of the tumor. Immediate improvement was noted, which con-

tinued until on July 1 1 , no trace of the disease remained. Accord-

ing to my advice the injections were continued until April, 1913^

or a period of two years and one month, during which time he

received 105 treatments. The highest dose was 15 minims. The

microscopic diagnosis of the tumor removed at operation was

melanotic sarcoma.

In a letter dated July 16, 1913, Dr. Greenwood states:

"Mr. B. is in splendid health, doing full w^ork, and now weighs

12 pounds more than in 191 1. The site of the tumor is marked

by a hollow, covered by a clean scar, with no trace of pigment.
"^

In a letter dated April 14, 1916, Dr. Greenwood states:

"Mr. B., the case of melanotic sarcoma treated with your

toxins in 191 1, remains absolutely free from any recurrence

and enjoys excellent health."

This case is so remarkable that it is important to be absolutely

certain that there was no error in diagnosis. With reference

to this Dr. Greenwood states:

"The report of the pathologist was so precise, and the clinical

features so unmistakable that the patient's hfe was quite de-

spaired of, and there was neither tumor nor slide kept; it is a

pity. The treatment was only used (without faith) to convince

the relatives that every means had been tried."

I believe that the good result in this case was partly due to the

long period (two years) over which the toxins were continued.

Case III.—The history of the third case, as yet unpublished,.

I owe to the courtesy of Dr. Frank E. Bunts, of Cleveland:

E. C, male, aged .ifty-one years. Family history negative.

In April, 191 2, he noticed a small nodule on the plantar surface

of the small toe on the left foot. February, 1913, the toe was

amputated. Diagnosis: angiomelanosarcoma. During the

summer of 1913 he noticed a nodule on the upper surface of the

next toe.
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Second operation, November 4, 19 13. The toe was amputated

with several other nodules in the foot. Two weeks before the

second operation he had noticed two lumps in the left groin.

Ten days later these were removed, followed by x-ray treatment

to the groin up to the time of the third admission, October 24,

1914.

Operation, October 24: Inky black fluid drained from groin.

Microscopic diagnosis: Melanosarcoma.

The growth in the groin became larger in spite of x-ray treat-

ment and the leg became hard and swollen, so that the thigh was
at least one-half again the size of the opposite one. The wound
in the groin had not healed over, but was tilled with a black

fungoid mass. Dr. Bunts adds that he had considerable diffi-

culty in securing the toxins from Parke, Davis & Co., as they

had to make them up fresh, and after the exhaustion of the

first amount received, three weeks intervened before he could

get some more. The injections were begun January 19, and given

as follows:

First injection i minim
Second injection i

"

Third injection 2 minims
Fourth injection 4

"

Fifth injection 6 "

Sixth injection 9
"

Seventh injection 13
"

Eighth injection 13
"

Ninth injection 15
"

Tenth injection 16
"

Interval of three weeks.

Eleventh injection 6

Twelfth injection 14
"

Thirteenth injection ig
"

Fourteenth injection 22 "

Fifteenth injection 23
"

Dr. Bunts states:

"Improvement in the local condition became evident in about

a week or ten days after the beginning of the injections. The
patient was discharged on March 8, 191 5, with the swelling in

the thigh practically all gone and the wound in the groin healed
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over with the exception of an area of perhaps | inch in diameter.

This had subsequently healed when I saw him on May 21. At

this time there was no evidence of a recurrence of the growth."

It is important to note the rapid increase in the dose as shown

by Dr. Bunts' records. We are inclined to beheve that the great

improvement in this most unpromising case is probably due to

this increase in dosage, much more rapid than we have generally

considered to be safe. Instead of increasing by ^ minim each

time the dose was increased, in some cases, by 3 or 4 minims, and

in one instance by 8 minims.

In spite of this favorable immediate result the patient died

in December, 191 5, of what was regarded and beheved to be

cerebral metastases, but without local recurrence, as Dr. Bunts

just informed us.

Since receiving the proof of this paper there has been brought

to our notice another very remarkable case of melanotic sar-

coma, treated with the toxins by Dr. Torr Wagner Harmer, of

Boston (reported in full in the Boston Medical and Surgical

Journal, 19 14, p. 253). Dr. Harmer, in bringing it to our

attention, stated:

"I regret that you overlooked this case, not only because of

completeness of data, but also because it compares favorably

with some of the other cases, and speaks quite definitely for the

efficiency of your toxins in occasional melanotic cases at least."

The case is of especial interest, inasmuch as two large recurrent

melanotic tumors entirely disappeared under local injections, and

the patient remained well for nearly two years. He was under

treatment for two years and two months, receiving ninety-five in-

jections of the mixed toxins, the maximum dose being 53 minims.

Case IV.—The only favorable results (not cures) that have

been personally obtained with the toxins in melanotic sarcoma,

were observed in the following three cases, the first of v/hich

has some similarity to the case of Dr. Bunts.

E. R. D.,^ male, aged fifty-three years, was referred to Dr.

Coley by Dr. Wm. J. Mayo, on February 20, 191 2, with the history

^ This case has been reported in full in the Transactions of the Third Inter-

national Conference of Cancer Research, at Brussels, 1-5, 191 3.
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that he had noticed a mole on the left second toe three or four

years ago. Two years and nine months ago it had been removed

by operation. Two months before he had noticed an enlarged

gland in the groin. This grew with great rapidity and was
removed at the Mayo CHnic in the early part of February, 191 2.

The report of the microscopic examination made by L. B. Wilson,

Chief of Pathological Department of St. ^Mary's Hospital, reads

as follows

:

Fig. 16.—Case I\'.

"The tumor is a pigmented sarcoma composed of medium-
sized round cells and oval epithelia-like cells, the latter in many
areas presenting an alveolar arrangement. Without entering

into the question as to whether these tumors are epitheliomata

or sarcomata, there seems to be no doubt that this tumor was a

metastasis from the neoplastic change in the pigmented mole pre-

viously removed from the fourth toe of the patient's left foot.

"
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The operation was incomplete and the patient was referred

to me by the Alayos for the toxin treatment. Physical examina-

tion at this time showed in the left groin a partly ulcerated mass

2x3 inches in diameter, having the appearance and consistence

of melanosarcoma. At the end of one month's treatment the

tumor had entirely diappeared and the wound had healed. The

patient died on October 20, 191 2, apparently from metastases

in the right hemisphere of the brain, again closely resembling

the case of Dr. Bunts.

The following case is reported in some detail, for the reason

that it is one of the two cases of our series in which the patient

lived more than three years after operation. Whether or not

the mixed toxins of erysipelas and Bacillus prodigiosus (which

were given as a prophylactic after primary operation, for nearly

two years) were a factor in preventing or delaying a return

of the disease is a question that can never be answered with

certainty.

Case V.—Miss A., aged seventeen years, family history nega-

tive, was referred to me by Dr. Stuart McGuire, of Richmond,

Va., in May, 191 2, with the following history:

In the early part of 191 2, the patient first noticed a small tumor

in the upper and outer aspect of the thigh, which steadily in-

creased in size until it had reached the size of a hen's egg. Dr.

McGuire states that on April 30, 191 2, under general anesthesia,

he excised the growth by an elliptical incision, going well out-

side the indurated area. The tumor did not extend to the fascia,

and was removed very completely. Microscopic examination

showed it to be a melanotic sarcoma with a few pigment cells.

Physical examination (by Dr. Coley) May 17, 191 2, showed

a recent cicatrix in the upper anterior portion of the left thigh,

seven inches long. No enlargement of the glands in the groin;

no swelling in the region of the wound. The toxins were begun

on May 17; i minim produced a considerable reaction. The

patient proved very susceptible and it was impossible to in-

crease the dose more rajndly than by \ minim, which caused a

severe chill and lemiierature of 103°. The patient returned

home shortlv after, where the toxins were continued bv the familv
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physician, Dr. R. C. Fravel, of Richmond, Va. The treatment

was carried on for nearly two years, during which time she

received upward of one hundred injections.

A letter dated April, 1916, states: "The patient is still well

and free from recurrence, four years."

Case VL—Case of Dr. T. S. McDermott, New Haven, Conn,

(for full details see paper by Coley on "A Report of Recent

Cases of Inoperable Sarcoma Treated with Mixed Toxins of

Erysipelas and Bacillus Prodigiosus, " reprinted from Surgery,

Gynecology and Obstetrics, August, 191 1). A brief abstract of

the case is as follows:

Female, adult, was operated upon for sarcoma of choroid,

December, 1904, at Boston City Hospital, the eye being enu-

cleated. She remained well for two years, when a small growth

was noticed in the scar in the orbital cavity. An incomplete oper-

ation was performed by Dr. McDermott in November, 1906. On

November 24 the mixed toxins were started and continued

under Dr. Coley's direction for four months. The patient

remained well for a little over three years, when she developed

internal metastasis, causing death five months later.

Case VII.—S. H., male, aged forty-seven years. About ten

years before patient first noticed a congenital pigmented mole

on the outer side of the calf of the left leg, which remained

about the same size until the spring of 1909, when it became

irritated by his clothing and frequently bled. Shortly after this

it began to increase somewhat in size, and the patient consulted

one of the writers in August, 1909. An excision, including a

wide area of skin together with the underlying fascia was advised

and carried out by Dr. William A. Downes on August 18, 1909.

The tumor was examined by Dr. WiUiam C. Clark (pathologist

to the Memorial Hospital), who pronounced it a "basal-celled

carcinoma, pigmented."

The patient remained well for a little over a year, when he

developed enlargement of the inguinal glands with edema of the

leg and thigh. At about the same time he began to have rales

in the chest. He was treated by his physician, Dr. H. A. Grifiin,

and was frequently seen by Dr. W. A. Downes and Dr. Coley.
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We believed the patient was suffering from metastases of the old

trouble, and regarded the condition as hopeless. After six weeks

the chest s}Tnptoms cleared up, his general condition improved,

and he was then put upon the mixed toxin of erysipelas and

Bacillus prodigiosus. The treatment was administered in small

doses, and kept up with occasional intervals of rest, for about

a year. The swelling in the groin subsided and the edema dis-

appeared. It is quite possible that we were all mistaken irk

Fig. 17.—Case VII.

believing that he had metastases, and that the condition was

due to some other cause. At any rate the patient has remained

well up to the present time, seven years later. If the freedom

from recurrence was due to surgery alone, it is the only case in

our series apparently cured by surgery.

Pathological report by Dr. James Ewing: "Specimen shows the

structure of a basal-celled carcinoma of the skin. The tumor

consists of one large convoluted mass of small cubical cells of

the type of basal epidermal cells. In some of the cell groups
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there are small foci of adult squamous cells. About the main

tumor mass, which measures about ^ cm. in diameter and lies

well beneath the epidermis, there are a few outlying large cell

groups in which the central cells are pigmented. At one point

the skin is ulcerated and the adjacent tumor structure is dis-

FlG. 18.—Case VII. Melanoma of calf of leg starling in pigmented mole,

irritated by clothing. Patient well six years after treatment.

ordered. Here there is a large collection of heavily pigmented

cells. Whether this pigment gives the hemosiderin test and is

the result of hemorrhage cannot be told without a special stain.

It may be a basal-celled carcinoma of the skin with secondary

pigmentation from hemorrhage. It is not a topical melanoma."
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Our personal series of cases shows that the disease was appar-

ently primary in the testis in i case, recurrent in i case, in the

upper jaw in i case, in the glands of the neck in 5 cases. A
brief resume of these cases will be of interest:

Case \'III.—Melanotic Sarco^la Apparently Prbl\ry in

THE Testis. G. S., male, aged twenty-nine years. Family

history good. Xo mole was present in this case. The patient had

always been in good health until August, 1896, when he fell from

a bicycle, injuring the left testicle. About two weeks later a

tumor appeared in the left testicle at the site of the injury and

grew very rapidly. First operation on January 13, 1897, by Dr.

Milbank, of Albany, who removed the testicle. A recurrence

quickly developed in the cord and inguinal glands. On Sep-

tember 30, 1897, Dr. Coley operated, removing a large lobulated

mass situated in the inguinal and iliac region. Each portion was

surrounded by a capsule and extended down to the aponeurosis

and external oblique, but did not enter the inguinal canal. To
the right it extended beyond the median line, dipping under the

lower border of the s}Tnphysis pubis, almost entering the pelvis

from below. The tumor was of a dark bluish appearance, and

macroscopically a typical melanotic sarcoma. This was confirmed

by microscopic examination. Patient was treated with the mLxed

toxins of erysipelas and Bacillus prodigiosus for three weeks,

without improvement. Death occurred three months later.

Melanotic Sarcoma of the Rectum. jMrs. B. H., aged forty-

nine years, was referred to Dr. Coley on September 24, 1909,

by Dr. James Sharp, of Camden, X. J., with the following history:

Patient was first operated upon at the Pcnns}-lvania Hospital,

Philadelphia, by Dr. John H. Gibbon, July, 1907. At this time

a tumor was removed from the lower end of the rectum, and

on microscopic examination was pronounced melanotic sarcoma.

After nearly two years (July, 1909) a recurrence took place.

Physical examination, September 24, 1909, showed about two

and one-half inches above the anus a hard, nodular tumor

lirmly fixed, and easily palpable through the abdominal wall.

The mass was softer in consistence than an ordinary carcinoma;

no enlargement of the glands.
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^Microscopic report received from Dr. Gibbon read: Melanotic

sarcoma of the rectum. Subsequent history not traced.

Case X.

—

^Melanotic Sarcoma of the Breast. Mrs. ^I. F.,

aged forty-four years, married, had four children. The patient was

referred to Dr. Coley in August, 1898, with a history of having had

an inflamed breast ten years previous at childbirth. At this

time she noticed a small lump in the region of the nipple, which

remained stationary for nine years, and then began to increase

in size, accompanied by retraction of the nipple. A similar

lump appeared shortly after in the opposite breast. The first

operation was performed by Dr. Abbe, at St. Luke's Hospital,

on July 19, 1897, at which time both breasts were removed.

Second operation was done early in August, 1898, by Dr. Frank

Markoe, also at St. Luke's Hospital. At this time physical

examination showed a large area (4 x 5 inches in circumference)

in the region of the right breast filled with numerous dark-

colored tumors in the skin and above the skin, also a large

intra-abdominal tumor probably involving the liver and omen-

tum. The skin of the body had turned a dark brown in color

about three months previous. Patient was weak and had

much dyspnea. Death occurred a few months later. It is

possible that the tumor originated in the skin of the nipple,

but no history of pigmented mole was obtainable.

Case XL—Neoplasms Apparently Primary in the Cer-

vical Glands. Dr. B., male, aged thirty-nine years, was

referred to Dr. Coley by Dr. John A. Bodine, October 22, 1913,

with the following history: One sister died of cancer of the

breast. In February, 1913, the patient first noticed a small

painless tumor, the size of a marble, in the region of the right

submaxillary gland. This remained practically stationary in size,

and was believed to be benign until February, 19 13, following

a severe cold, the tumor began to increase in size and grew

rapidly. The surface became smooth and reddened, with much

tenderness and pain. In a few days the swelling subsided, but

became less movable than before. It was pronounced tuber-

cular by a very experienced surgeon.

In the middle of October he was seen by Dr. John A. Bodine,

Am Surg 2^
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who regarded the tumor as sarcoma and removed it. A specimen

was examined by Dr. Jeffries (of the Hospital for Ruptured and

Crippled), who pronounced it a round-celled sarcoma.

On October 22, 1913, the patient was referred to Dr. Coley

for toxin treatment. Physical examination at that time showed

a recent cicatrix in the right anterior cervdcal region. Just in

front of the external auditory meatus was a small hard tumor,

apparently rather deeply placed in the parotid gland, and rather

fixed. This was apparently the seat of the disease. Under ether

anesthesia Dr. Coley removed this tumor, which was examined

by Dr. James Ewing, and pronounced "a melanotic tumor, epi-

thehal in tj-pe." The wound was fulgurated with the Keating-

Hart apparatus and the patient then put upon the mixed toxins.

Two or three weeks later a recurrence took place and a second

operation was performed, followed by a thorough fulguration

and toxins. In spite of treatment the disease recurred and

slowly progressed. Examination October, 19 14, showed well-

marked evidence of metastasis in the brain; condition hopeless.

Death occurred in December, 1914.

Case XII.—Inasmuch as the following case has recently been

reported in full, with microphotograph, in an article on ''Primary

Neoplasms of the L>Tnphatic Glands" (Tr. Am. Surg. Assn.,

1915), by Dr. Coley, only a brief history will be given here:

J. M. M., female, aged forty-three years. First noticed an

enlargement of the submaxillary gland in July, 191 1. Clinical

diagnosis: Enlarged lymph gland of submaxillary group. In

January, 191 2, under local anesthesia, the enlarged gland was

dissected out and examined by Dr. E. S. Allen, who pronounced

it a chronic adenitis, non-tuberculous. The disease recurred

and three other operations were performed, the last, on Septem-

ber 30, 1914, at which time an incision was made through a for-

mer one on the left side of the neck and through the sterno-

mastoid muscle. The tumor involved the internal jugular vein,

so that a small portion of the latter was dissected in taking out

the mass. Microscopic examination, by Dr. Graves, of Louis-

ville, Ky., showed it to be a melanotic sarcoma.

The disease promptly recurred, and on December 30, 1914.
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the patient was referred for the toxin treatment, which was

given for two weeks, at the end of which time, the mass having

considerably decreased in size, Dr. Coley removed as much
of it as possible, although the operation was by no means

complete. Microscopic diagnosis by Dr. Ewing: "iVIelanoma,

malignant." The toxins were immediately resumed and have

been continued up to the present time. The patient has

remained in good health and free from recurrence up to date,

five years since the beginning of the disease and four years

since the first operation.

c XiU.

Case XIII.

—

Melanotic Sarcoma of Cervical Glands.

R. A., male, aged twenty-two years, was referred to Dr. Coley by
Dr. Oliver C. Smith, of Hartford, Conn., on February 4, 1913.

The patient had always been in good health until the summer
of 19 1 2, when he developed enlarged cervical glands. These

were removed by Dr. George Bell, of Hartford, and on micro-

scopic examination was pronounced round-celled sarcoma. The
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disease rapidly recurred and a second operation was performed

by Dr. E. S. Judd, of Rochester, Minn., in October, 191 2. The

pathological diagnosis was cellular carcinoma. Six weeks later

a nodule appeared in the left infraclavicular region, which was

dissected out by Dr. Oliver C. Smith, of Hartford, and pro-

nounced by Dr. Russ (pathologist at the Charter Oak Hospital),

melanosarcoma.

Physical examination, February 4, 191 3, showed the patient

considerably emaciated; general appearance bad; great weakness;

loss of appetite; marked indigestion. For the past two weeks he

had had severe pain in the right scapular region and considerable

enlargement of the liver. In the left supraclavicular region

there was a tumor the size of a horse-chestnut situated just

beneath the skin, which latter was somewhat adherent. In

the left cervical region, just below the tip of the ear and appar-

ently involving the lower end of the parotid gland, was a mark-

edly indurated swelling, infiltrating an area 2x3 inches, rather

than forming a distinct tumor. The toxins were tried in small

doses for two weeks, with no apparent effect, and then discon-

tinued. The patient's condition rapidly became worse, and he

died on March 15, 19 13.

The multiple tumors were many of them of a bluish color and

the whole cUnical picture was characteristic of melanotic sarcoma.

Case XIV.

—

Melanotic Sarcoma of the Glands of the

Neck. F. M., male, aged forty-four years; family history good;

was admitted to Dr. Coley's service at the New York Cancer

Hospital on June 6, 1894. Eight years prior to admission the

patient had noticed a small tumor just beneath the angle of the

jaw, which remained stationary for three years, and then began to

slowly increase in size. There was no evidence of a pigmented mole.

First operation was performed at the Massachusetts General

Hospital in the early part of 1894. The tumor at that time was

the size of a fist and pronounced a typical round-celled melanotic

sarcoma by Dr. W. F. Whitney (pathologist, IMassachusetts

General Hospital). It was impossible to remove the entire

tumor, and the patient was later referred to Dr. Coley for toxin

treatment bv Dr. Maurice H. Richardson.
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Physical examination, June 30, 1894, showed the right side

of the neck occupied by a tumor the size of an egg, the skin of

which was smooth and of a deep purple color.

Dr. Coley performed a second operation and removed a large

portion of the tumor, but was unable to excise it completely,

owing to the extensive involvement of the deeper structures.

The patient was treated for four months with the mixed toxins

of erysipelas and Bacillus prodigiosus, with marked control of

the tumor at first and considerable diminution in the size.

Later, however, the tumor began to increase and the treatment

had little effect. The patient was discharged on November

20, 1894, unimproved. His general health at that time had

become decidedly impaired and he had lost much weight;

death occurred three months later.

Case XV.

—

Melanotic Sarcoma of the Glands of the

Neck. S. S., female, aged thirty-four years, was admitted to

the General Memorial Hospital on May 9, 1914, with the

following history:

Thirteen years before had first noticed a small nodule beneath

the angle of the jaw, which slowly increased in size. Physical

examination showed a mass, the size of a hen's egg, in the right

anterior triangle of the jaw and a nodule, the size of a walnut,

to the right of the thyroid. L>Tnph nodes in both axillae were

palpable. A large mass occupied the upper half of the abdomen,

extending to the umbilicus below and continuous with the liver.

An exploratory operation was performed on May 14, 19 14, and

the glands removed from the neck and groin. These were exam-

ined by Dr. Ewing, who pronounced them melanoma. Death

occurred a few months later.

In a paper on ''Primary Neoplasms of the Lymphatic Glands"

(Coley) the following case was reported as a melanoma prob-

ably primary in the axillary glands; only a brief abstract need

be given here:

Case XVI.—M. E., female, aged thirty-six years, was referred

to Dr. Coley by Dr. A. E. Jaifin, of Jersey City, on January 27,

1914. A small tumor which had been removed from the axilla

was pronounced by one pathologist ''perivascular hemangio-
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sarcoma," and by another "mixed-celled sarcoma." Three

operations were performed; a specimen removed at the time

of the last was examined by Dr. Ewing, who pronounced it a

melanoma. In connection with the report of this case, the fol-

lowing statement was made:

''Bearing on the possibihty of the tumor having been second-

ary to a primary melanoma elsewhere, it may be mentioned

that the patient stated that a year ago she noticed a small spot

three inches above the wrist on the inner surface of the right

forearm; this was reddish in color, but later became dark. It

never ulcerated and never showed any elevation of surface,

nor did it seem to have the appearance of a melanoma.

"

This area was removed and examined microscopically, but

reported as showing no evidence of melanoma. This latter state-

ment, however, was an error, as in Dr. Ewing's opinion it did

show e\'idence of melanoma. His report of the specimen, which

was not pubHshed with the history at the time, reads as

follows

:

"Section of skin shows a t}'pical nevomelanoma, very flat,

covering a section 2 cm. in breadth. Beneath the layer of tumor

cells, especially in the stroma, are many heavily pigmented

large chromatophores. The section of main tumor tissue shows

a t}9ical large polyhedral cell, alveolar and diffuse melanoma.

In the section examined pigment is absent, but the other features

are characteristic of melanoma."

In view of this report it is perhaps better to regard this as a

secondary rather than a primary melanoma, although clinical

evidence seemed to prove the contrary, unless we regard the

small area of discoloration without elevation on the wrist as a

primar}- mahgnant tumor.

Melanoma Apparently Primary in the Axillary

Glantds

Case XVII.—This case has also been reported in detail in

a recent paper on "Primary Neoplasms of the L>Tnphatic



COLEY. hoguet: melanotic cancer or MELANOMLA. 359

Glands" (loc. cit.), and will be referred to only in abstract here.

Microphotographs will be found in original report.

IMale, aged twenty-four years, was always in good health until

Xovember, 1914, when he had an attack of influenza; a week

later noticed enlargement of the axillary glands. Shortly after

other glands appeared in the cervical region. Rapid generaliza-

tion of the disease set in, causing death on January 10. 191 5.

The whole duration of the disease was only a Httle over two

months. A microphotograph may be found with the report of

this case Qoc. cit.).

Microscopic report by Dr. James Ewing, April 21, 191 5, reads:

''The material consists of stained sections of tumor tissue. The

tissue is composed of compact masses of large polyhedral cells

arranged in ill-defined groups separated by a Kttle stroma.

The cells are poorly fixed and very hydropic, so that the outlines

are not always clear. The nuclei are large, vesicular and h}per-

chromatic. with prominent nuclei; mitotic figures are very

numerous. In many cells there is an abundance of yellow pig-

ment granules, and some cells are completely filled with pig-

ment; some of the stroma cells also contain pigment. Diagnosis:

melanoma."

In the above case the patient, as well as his father, was a

physician. Xo pigmented mole was ever noticed, and careful

examination failed to reveal any other primary tumor. This

would appear the most convincing case in our series, showing

the possibility of the disease originating in the lymphatic glands.

Case XVIII.

—

Melanotic Sarcoma Primary in the Matrix

OF THE Xail (Melanotic Whitlow). W. J. W., male, aged

thirty-seven years. Family history: Three paternal uncles died

of cancer (one of sarcoma of the scapula and two of cancer

of the tongue) at the age of fifty-five, sixty-nine, and thirty-

five years respectively. The patient was referred to Dr.

Coley by Dr. William T. Bull, in January, 1894. Eleven

years before he bruised his left thumb but did not lose the

nail or have any further trouble until December, 1892, when

the thumb was again injured by being caught in a heavy
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window-cord. One month later he consulted the local physician,

who lanced it, evacuating considerable pus. It continued to

discharge freely for several weeks, sometimes as much as ^ ounce

of pus being evacuated. First operation was performed by Dr.

L. L. McArthur, of Chicago, on February i, 1893, w^ho found

necrosed bone beneath the nail, which, together with a part of

the nail, was removed. There was no evidence of malignancy

at that time. The wound, however, failed to heal, but continued

to suppurate and was very painful. On April 15 the nail became

very black and curled up; the discharge ceased. The pain

increased in severity, and on ]May 15 a portion of the tissue was

removed; on microscopic examination w^as pronounced melan-

otic sarcoma. The axillary glands soon became enlarged, and

on June 6 a more extensive operation was performed, consisting

in removal of the thumb and axillary glands. Three glands as

large as an olive wTre found and pronounced sarcomatous. On
October i several small superficial and encapsulated tumors the

size of bird-shot were noticed on the inner surface of the arm,

three inches above the radius. Shortly after another tumor

was noticed on the right side of the w-rist, and still another

on the side of the chest w^all. From that time on numerous

small nodules appeared subcutaneously in different parts of

the body. On January 14, 1894, treatment with the erysipelas

toxins was begun; the injections were made subcutaneously,

and chiefly into the buttocks, with Httle effect upon the tumors

present, and others continued to appear in various parts of the

body. SLx months later the patient developed paralysis from

metastases in the dorsal spine, and died in the latter part of

April, 1895.

Case XIX.

—

Melanotic Sarcoma Starting in the jMatrix

of the Nail (Melanotic Whitlow). S. S., female, aged forty-

two years, family history good, was referred to Dr. Coley in

October, 1906, by Dr. Victor A. Robertson, of Brooklyn, N. Y.

Six years previous an iron had fallen upon the patient's right big

toe, causing loss of the nail; w'hen the new nail came in it was of

a very dark color. Three and a half years later a similar accident
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occurred—a big iron fell upon the same toe. This time the nail

came off only partly, and the new one was very dark in color.

Considerable suppuration occurred about the nail, which was very

slow in healing. In April. 1906, two years after the second injury,

the patient had a third injury, caused by a door falling upon her

toe, which bled freely at the time. The toe looked very unhealthy,

and on July i Dr. Robertson removed the terminal phalanx.

The wound failed to heal entirely, and in a few weeks the edges

became dark blue in color. Shortly after this a mass of enlarged

glands appeared in the femoral region of the same side. There

was a good deal of pain and some edema of the toe and leg.

Physical examination, October 6, 1906, showed the terminal

phalanx of the big toe of the right foot absent; rest of the toe

enlarged two or three times the normal size, the end being occu-

pied by a large, unhealthy ulceration of bluish color; edema of

the whole leg, ankle, and foot. The right femoral region was

occupied by a tumor the size of a goose egg, evidently made up

of enlarged glands. They were firm in consistence, more or less

fused together, making a fairly movable tumor. Report of

microscopic examination made by Dr. Archibald Murray (Hoag-

land Laboratory, Brooklyn, X. Y.), October i, 1906:

"Microscopic examination of the growth removed from toe

shows it to be an alveolar, large, round-celled sarcoma. Collec-

tion of large polyhedral cells are seen, which are surrounded by
strands of connective tissue of varying thickness. The blood

supply is fairly normal. A few giant cells are present, and cells

showing karyokinetic figures are rather numerous. The skin

covering the growth is normal."

Later history not traced.

Case XX.

—

Melanotic Sarcoma of the Heel. E. J., female,

aged fifty-nine years; family history good; was referred to Dr.

Coley on March 26, 1909. Personal history: When a girl, had

a nail in her shoe, which greatly irritated the heel. Finally a

small dark spot appeared on the inner side of the left heel,

which remained unchanged in size or appearance until 1901,

when it began to slowly increase in size, non-ulcerative, and



362 COLEY, hoguet: melanotic cancer or melanoala.

purplish in color. The first operation was performed by Dr. A.

D. King, of Allegheny, Pa. The wound did not heal for several

weeks. A recurrence took place shortly after, and in 1905 the

mass was drawn out with plaster. Another lump almost imme-

diately appeared along the edge of the old scar and was removed.

Two years later another tumor developed above the ankle, in

the skin. This was removed by surgical operation and a similar

tumor developed above the knee of the same leg, and was also

surgically removed.

Physical examination ]\Iarch 26, 1909 (six years after the

first operation), showed two t^-pical melanotic tumors on the

left foot, one over the instep, about two inches in diameter,

in\-olving the skin but non-ulcerative, and the other above the

ankle. Over the inner aspect of the thigh were two or three

small subcutaneous nodules, ranging from the size of a hazel-nut

to a chestnut. Later history not traced.

Case XXI.—R., male, aged fifty-seven years; farmer by

occupation.

On ]\Iay 7, 1895, one of the writers (Coley) was called in con-

sultation to see the case and found the following condition: A
very large fungating tumor the size of two fists, very dark, almost

black in color, situated in the right groin, which had first been

noticed by the patient, two or three months previous. A diag-

nosis of melanotic sarcoma was made, although no primary

tumor had been observed. Careful examination, however,

revealed a thickened area 1^x2 inches on the ball of the foot,

dark in color but non-ulcerating. The patient stated that it

had started from irritation by a nail in his shoe, two years

before, while plowing. It had gradually increased in size but

had never ulcerated, and projected only shghtly beyond the

normal surface of the foot. This was believed to be the primary

focus of the disease. The patient died a few weeks later. An
autopsy was performed, and this thickened area over the ball

of the foot was removed, as well as some tissue from the groin.

Diagnosis: primary melanotic sarcoma.

This case illustrates the difficulties in making a positive

diagnosis of melanotic sarcoma of the lymphatic glands.
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Case XXII.

—

Melanotic Sarcoma of the Ankle (Con-

genital ]Mole). a case in which the progress of the disease

was apparently temporarily held in check by the use of the

toxins and x-rays.

]\Irs. N., aged thirty-seven years; family history good. In

1897 the patient had a small mole in the region of the left

ankle which was greatly irritated by a tightly laced shoe.

One day upon taking off the stocking the mole came off with

it. She states that the mole was not raised or elevated, but

almost level with the surface of the skin. After this it was

frequently irritated, and the surface became very raw. One

year later patient noticed that it had become enlarged, and had

it removed under chloroform. There were no enlarged glands

at that time. Eight months later she noticed a lump in the

groin on the same side. The patient was admitted to the Gen-

eral Memorial Hospital, and glands the size of an English walnut

were removed by Dr. Coley. A local recurrence took place in

January, 1900, and she was readmitted to the hospital, where

another operation was performed. After this the mixed toxins

of erysipelas and Bacillus prodigiosus were given as a prophyl-

actic for three weeks.

From 1899 to April, 1902, four operations were performed by

Dr. Coley (yearly intervals). After the last operation, April,

1902, the patient was put uj^on .r-ray treatment, which was given

two or three times a week in addition to the toxins. The tumor

masses decreased markedly in size, and her general condition

improved.

Examination June 4, 1902, showed no increase in size in the

tumors in the groin and iliac fossa, but rather slight decrease.

Patient's general condition improved.

On June 24 the patient began to lose in weight, and her gen-

eral condition greatly declined. Another nodule from the groin

was removed on December 9, 1902, and was examined by Dr.

B. H. Buxton (pathologist to the General Memorial Hospital),

whose report is as follows:

"The nodule is surrounded by a thin capsule of connective
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tissue in the lymph spaces of which rows of tumor cells can

here and there be seen.

"From the capsule trabeculae of connective tissue run into

the interior, the spaces between them being filled with large

cells, both round and spindle, with hyperchromatic nuclei,,

giving evidence of great malignancy.

"Both tumor cells and connective tissue contain much pigment.

About three-sixteenths of an inch from the margin the connective

tissue begins to show a hyaline change, taking the eosin stain

faintly in places. Toward the center there seems to be an

increase of the hyaline connective tissue at the expense of the

cells which are degenerating and disappearing.

"The inner part of the nodule felt hard under the knife and the

bands of connective tissue were plainly visible, so that there

was obviously no softening but rather a productive inflammatory

change—melanosarcoma. " Death occurred in June, 1903. Dura-

tion of life, six years.

Case XXIII.

—

Melanotic Sarcoma or Melanoma Appar-

ently Originating in the Periosteum of the Spinous

Process of the Mid-dorsal Vertebile. The clinical evidence

in this case is so strongly at variance with the microscopic,

that we believe the diagnosis doubtful. K. E. A., female,,

aged fifteen years, was referred to Dr. Coley by Dr. James S.

Chenoweth, of Louisville, Kentucky, in August, 1915. The

patient had always been well until the summer of 1913, w^hen

she struck her back against a wooden shutter. Nothing was.

noticed until the following April, when she felt a lump or a

"bump" over the mid-dorsal spine. This remained about the

same size until the spring of 191 5, when it began to grow rapidly.

There was never any pain associated with it. The patient was.

operated upon by Dr. Chenoweth on July 31, 191 5, at which

time he found a tumor involving the spinous processes of the

7th, 8th, and 9th dorsal vertebras, and extending downward

some distance below. Dr. Chenoweth stated that the tumor

apparently originated in the tendonous structures and that the

there spinous processes had been almost completely destroyed;



COLEY, hoguet: melanotic cancer or melanoma 365

no actual involvement of the bone was apparent. The spinous

processes were removed, together with the tissues, well beyond

the lateral margins of the growth.

As soon as the wound had healed the patient was referred to

Dr. Coley, for treatment with the mixed toxins. She was given

I minim doses, which later were increased up to the point of

producing moderate reactions. In spite of the treatment, in

early September well-marked evidence of a local recurrence

was noticed, and the patient was admitted to the Memorial

Hospital on September 7, 191 5. The following day an opera-

tion was performed. Physical examination at this time showed

three firmly fixed, more or less discrete tumors, varying from the

size of a hazel-nut to that of an English walnut, underlying the

deep fascia and attached to, if not springing from, the periosteum

of the spinous process of the dorsal vertebrce. A very thorough

removal was made, together with the remains of the spinous pro-

cess and neighboring fascia, and all of the tissue in the imme-

diate vicinity. As soon as the patient recovered from the

operation she was put upon the toxins in gradually increasing

doses up to 12 minims. She was not very susceptible and had

only one or two marked reactions. Up to October 1 1 she had

had nineteen doses of the toxins and six a:-ray treatments

(Coolidge tube) given by Dr. Holding.

In spite of the treatment, in early October the disease began

to reappear and grew very rapidly. On October 1 1 it was decided

to perform a third and v'cry extensive operation. With the assis-

tance of Dr. William A. Downes an incision ten inches long

was made and several tumor masses, more or less closely fused

together, were removed. At this operation the tumor was found

to be almost entirely on the right or opposite side from where it

had been at the second operation. As in the other instances, it

apparently sprung from the periosteum or fascia, infiltrating the

spinous process of the dorsal vertebrae and involving the neigh-

boring fascia. The base of the wound was cauterized with 20

per cent, chloride of zinc; wound closed; drainage.

The patient returned home on October 22,1915. At this time
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there was already evidence of a local recurrence. The disease

progressed very rapidly and in the latter part of November

numbness and loss of power developed in both legs, and on

December 5 there was complete paraplegia.

Physical examination at this time showed a solid tumor occu-

pying the entire right dorsal lumbar spine, extending almost

across the entire back. The patient had very little pain, except

in the later stages of the disease. Death occurred on December

27, 1915-

Fig. 20.—Case XXIII.

Microscopic reports (made at the Louisville Research Labor-

atory by Dr. J. D. Allen, July 5, 1915): "Examination of

tumor removed from back. Macroscopically, tumor in its

entirety about the size of an orange, firm, irregular and oblong

in shape. Not encapsulated, infiltrating the surrounding muscu-

lar tissue, presenting a glistening appearance on cross-section.
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Microscopic sections show a mass of connective-tissue tumor

cells, with very little stroma. The teased cells present long

spindles, and in certain areas are grouped in giant cells. Diag-

nosis : Spindle-celled sarcoma.
'

'

Examination of recurrent tumors made by Dr. James Ewing,

September 9, 191 5. "Section of tissue reveals a tumor composed

of small and medium round cells in diffuse or indistinct alveolar

arrangement. In some places the alveolar arrangement is pro-

nounced. Throughout the tumor many cells are distended with

brownish-yellow pigment. Hemorrhage is absent. The tumor

is a highly anaplastic melanoma."

On account of the clinical history, Dr. Ewing stated that he

"was inclined to question the microscopic diagnosis, although

the structure and pigment strongly indicate a true melanoma.

The possibility of a primary tumor elsewhere than in the spine

is not ruled out."

Melanoma of Shoulder, Starting in an Irritated

Pigmented Mole

Case XXIV.—M. T., female, aged nineteen years, family

history negative. A small black mole had been observed over

the upper portion of the left scapula ever since infancy. In

the latter part of December, 1913, it had been greatly irritated

by rubbing of the dress, which caused it to bleed. Shortly

after it began to increase in size, and was frozen off with Hquid

air. At this time, the patient stated, it was about one inch in

diameter. A local recurrence was noticed in September, 19 14,

and a second attempt at removal with liquid air was made. At

this time a wider and deeper destruction of the tissue was made

than at the first attempt. The patient remained well until

June, 191 5, when she noticed a lump in the neck, and little

nodules appeared on both arms, back, and chest. These con-

tinued to increase in size and number until December, 191 5.

when she was referred to Dr. Coley ; there were about seventy-five

nodules scattered all over the body, most numerous about the

face, neck, and thorax. Both breasts were covered with nodules
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varying from | to 3^ cm. in diameter. Her general condition

remained well during this period, and there was little if any

loss of weisfht.

/

Fig. 21.—Case XXIV. Melanoma primary in pigmented mole of neck,

following removal with liquid air.

Fig. 22.—Case XXIV. Front view of same case.



COLEY, hoguet: melanotic cancer or melanoma 369

The patient had had .r-ray treatment before her admission

to the Memorial Hospital (in December, 191 5), which was

appHed chiefly to the nodules over the chest. No apparent

effect was observed. One nodule behind the right knee had

been treated with electric needle, with little change in condition.

Physical examination (at the time of her admission to the

hospital) showed a well-developed, apparently healthy girl,

aged nineteen years. No nodules on the head; pupils even and

Fig. 23.—Case XXIV.

react to light; teeth in good condition; tongue and thora.x

normal; heart normal; lungs apparently normal; liver and

spleen not palpable; glands not enlarged. Just to the left of

the seventh cervical vertebra, in the midscapular region, was
an old circular scar, one inch in diameter at the site of treatment

with liquid air. Scattered over the entire body were subcu-

taneous nodules varying in color from white to dark purple.

The mixed toxins of erysipelas and Bacillus prodigiosus were
Am Surg 24
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given in small doses for two weeks, with little or no effect. On
January ii, 1916, under ether anesthesia, Dr. Coley removed

from both breasts a number of nodules varying in size from a

cherry to that of a hickory-nut. From these, an autogenous

vaccine was prepared by Dr. Richard Weil, consisting of 10 per

cent, suspension of expressed tissue juice intravenously. Five

injections of this vaccine were given, producing no chill nor

increase in temperature or pulse.

In the latter part of January, 1916, the patient had severe

pain in the region of the right eye; vision was impaired, pain

increased in severity, and vomiting took place. On February

5, an :r-ray picture taken showed enlarged glands in the right

lung, which, according to Dr. Holding, were probably metas-

tases. February 10, severe pain and vomiting continued, with

irregular temperature and great loss of weight. Her symptoms

pointed to brain involvement. Her general condition failed very

rapidly. She returned home and died shortly afterward.

Microscopic examination by Dr. James Ewing: ''Small sec-

tion of fibrous tissue is infiltrated by large tvpical alveolar,

diffuse and perivascular melanoma free from pigment. The

cells ai'e large, clear, and polyhedral."

In the following case several pigmented moles were present

in various parts of the body, but there was no evidence of their

having had any connection with the disease.

Case XXV.

—

Melanotic Sarcoma Apparently Primary

IN THE Axillary Glantds. J. W., male, aged thirty-eight years,

was admitted to the General Memorial Hospital on jMay 6,

19 14, with the following history:

Seven months prior to his admission he had noticed a small

lump in the right axilla, about the size of a hazel-nut which grew

until it had reached the size of an egg in six months. First

operation was performed at the Roosevelt Hospital on April

20, 1914. On microscopic examination the disease was pro-

nounced periepithelial sarcoma. Shortly after he began to have

pain in various parts of the body, and several small lumps

appeared in the skin, on the chest, back, arms, and thighs.

Patient lost thirty pounds in weight.
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Physical examination (May, 1914) showed numerous small

tumors varying in size from a hazel-nut to an almond. In Alay,

1 9 14, Dr. Coley removed a small tumor from the arm, which

was examined by Dr. Ewing and pronounced melanoma.

Toxin treatment was given for nine days, with no improve-

ment, and then discontinued. The patient died on June 11,

1 9 14. Fortunately it was possible to obtain an autopsy in this

case, which showed many tumors in the liver, adrenals, spleen,

vertebrae, and testes.

Microscopic examination by Dr. James Ewing: ^'Section of a

malignant tumor infiltrating fat tissue. It has the general

appearance of melanoma without pigmentation. The cells are

large, polyhedral, arranged in characteristic alveoH, surrounded

by fine vascular stroma. No definite pigmentation."

Case XXVI.—Melanotic Sarcoma of the Neck. E. W..

male, aged twenty-six years. Patient had a small congenital

mole on the right side of his neck, which was constantly irritated

when shaving. It was finally cut off by a physician in the

summer of 1894. A few months later a recurrence took place and

a thorough excision was made by Dr. Frank Hartley. Another

recurrence took place a few weeks later and numerous small

tumors appeared subcutaneously on various parts of the body.

In the spring of 1895, there was evidence of internal metastasis,

with marked failure in general health.

On March 6, 1896, Dr. Coley examined the case in consulta-

tion with Dr. H. A. Griffin, and physical examination at that

time showed a large number of subcutaneous tumors, varying in

size, scattered all over the body; also a large intra-abdominal

tumor showing evidence of metastases in the liver and mesen-

teric glands. No treatment was advised, and the patient died

on April 10, 1895. In this case the total duration of the disease

was about one year.

Case XXVII.

—

Melanotic Sarcoma of the Sole of the

Foot. J. V., male, aged sixty-one years; family history good.

In 1876 the patient first noticed a dark brown mole between

the big toe and the second toe of the left foot. There was very

little change for many years, but later on it began to slowly
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increase in size, and in the latter part of 1914 had reached the

size of a silver quarter, spreading out a little on the ball of the

foot. At about this time he had a shoe which was much too

large for him, and caused some irritation and bhstering over

the plantar surface or ball of the big toe. After a few days the

bhster healed under aristol, but the area at the site of the mole

Fig. 24.—Case XXVIL—Melanoma starting in ball of foot; metastases in

inguinal, femoral, and iliac glands.

gradually spread, until it involved the edge of the blister. A
bluish-black discharge was noticed on the dressing. On April

26, 191 5, the ulcer was dissected out by Dr. B. H. Garrison,

of Redbank, N. J. Shortly after a few little dark purple so-

called "blood pimples" appeared just outside the limits of the

scar. In October, 191 5, a second operation was performed,

making a wider incision. Shortly after this similar "blood
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pimples" appeared outside the limits of the scar and on the

inner surface of the foot up toward the instep. In July and

August enlarged glands were noticed in the groin, and have

slowly increased in size since.

In the beginning of March, 1916, the whole foot and leg began

to swell, and the patient was referred by Dr. Garrison to Dr.

Coley's service at the General Memorial Hospital.

Physical examination (March 4, 1916) showed a dark purplish-

colored area over the whole ball of the left foot, extending up

to the inner side nearly to the edge of the dorsal surface. This

area reached across the sole of the foot to the line of the second

toe, and extended up between the two toes. Several independent

brownish nodules the size of a pea were scattered over the inner

surface of the foot. The inguinal, femoral and iliac glands as

well as some glands in the popliteal space were enlarged; they

were hard and typically characteristic of melanotic sarcoma.

Patient's general health good. He had had x-ray treatment for

a year. He was admitted to Memorial Hospital and received a

large dose of radium. Severe attack of erysipelas developed,

starting in the region of the burn of foot, and extended up the

thigh to the body, causing death in six days.

Case XXVIII.—The following case is fairly typical of the

history of the beginning and end of a melanotic cancer. We
have (i) the remote causative fator, i. e., a pigmented mole; (2)

irritation of the mole by application of some form of caustic;

subsequently (but unfortunately too late) the surgical excision,

followed by generalization of the disease and death.

G. J. G., male, aged, forty-three years, was referred to Dr. Coley

on February 18, 191 5, with the following history: Eighteen months

before patient noticed a dark-colored mole, the size of a five-cent

piece, and of uncertain duration, on the left shoulder-blade. The

mole began to show slight ulceration and formed a pimple in the

center. This was cauterized with nitrate of silver for three

months, during which time it had increased in size, and become

harder in consistence. SLx months later it had reached the size

of a silver quarter-dollar, and was excised by his local physician.

A specimen was not examined. A local recurrence took place
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and was again promptly operated upon on August 5, 1914.

Microscopic diagnosis: Small round-celled sarcoma (no men-

tion of ''pigment" was made). A third operation was performed

in November, 1914, followed by a course of x-ray treatment;

two treatments a week were given until he had received twelve.

In spite of treatment, patient continued to fail, and died in three

months.

Fig. 25.—Case XXVIII. Primary melanoma of shoulder.

Microscopic examination by Dr. James Ewing: "Section is

of an irregular mass of fibrous tissue infiltrated b}' a malignant

tumor which has the general appearance of non-pigmented

melanoma. The cells are large, clear, polyhedral and s}-)indle,

arranged in alveoli or about bloodvessels.

We have presented this clinical study of one of the rarer

l\]K-s of cancer in the hope that it might lead to earlier diag-
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noses and earlier surgical treatment. The chief hope of reducing

the mortality of this extremely fatal type of neoplasm must

rest with prophylactic treatment, i. e., the surgical removal of

all pigmented moles as soon as observed and particularly in all

cases in which the anatomical locality renders them Hable to

irritation or to external injury. If this rule is rigidly followed

we believe the number of cases will be markedly diminished.

Essential points in go cases as to sex, age, presence of mole, site

of original tumor: Males, 50; females, 40.

Age, average in 82 cases (not stated in 8 cases), 36.8 years.

Mole present in 36 cases.

Site of primary lesion:

Eye II

Axilla 4
Back 5

Neck 10

Shoulder 4
Behind ear 5

Cheek 2

Chest 3
Breast i

Ankle 5
Arm 2

Rectum i

Groin 3
Back 4
Leg 5
Thigh 5

Testis^ I

Foot 3
Abdominal wall I

Toe 5
Cervical glands' 2

Scalp I

Heel 4
Face 2

Pubes I

90

Cases of irritation of a mole, 17. Removal of a mole in 14

cases by surgery, electricity, and caustics.

1 In these cases no other primary focus could be found.



k " -^



— O C

C3 3 o o

Q Q

>^1^
o c3 c3 d X
j3 U u o

5S -S='



T3N
• •-I ^

S! ^



.+
CO 00

c o
Si

5'"

<

Mo -s

^'S 3 i 2

'-^ a Qi .2

"^ - CJ

£. 2 jj
S 2'5.'5

~ t. <B M O n c3

"-3 M -
a'" —. —

.

C »3 a 03 c3 C

iz: «
C'ii c a c o S^ o c3.
ojio oa'ajot.Mii'o-

tf CS

Z ^

05

O

^2 >.
o -3

> Q.
2 o S
a , a

(M a

^2 -

1-, - a

< a -w 3

a «-' a-r
ci a .a.ii

^ = =332

o t^co-S'-' M 5 a
1 — ^ CO " " " o

o 3

^ = ^

aH^

3 a a^

o a^
<u 3 "

03.S^^

^^ 2
o o
a a

o a

^a.
^ cs

c a; 9^ o c6

i i = ^-

"

am^ o c
02 *5

a) a; o

:-t; - ;^ rs

*^ V --^ -^ O 53

3 S
a -e

> 3 £ iJ a t.
•^.tj.si.t: t,^ I

C3 o

E 3o2-
3 e)-5 a



3— U.-C
-C— '-C f-

.3 C-
O ©'
H-5 ii O -

:-£

S c





i^t

.



COLEY, HOGUET: MELANOTIC CANXER OR MELANOiLA. 383

Bibliography

Lebert. Anatomie pathologique, 1855-1857, t. i.

Virchow. Pathologic des Tumeurs, t. 11.

Leyton. Lancet, March 4, 19 16.

Busch. Berl. klin. Wchnschr., 1880, Xo. 16.

Boulay. Arch, generates de medecine, July, 1888.

Xepveu. Trans. Societe de biologie, 1874.

Dietrich. Langenbeck's Arch., 1887.

Bard. De la nature parasitaire de la melaniques, Lyon medicale, 1885*

p. 407.

Peuleve. Contribution a I'etude de la melanose generalisee, These de Paris,

1886.

Ribbert. Ueber das Alelanosarkom, Beitr. z. path. Anat. u. z. allgem.

Pathologic, Bd., 21, 1897.

Urma. Das Pigment der Haut, Monatshefte f. prakt. Dermatol., Bd. 8,

1889.

Ebermann. Deut. Zeit. f. Chir., vol. xliii. Heft iii, S. 498.

Eve. Lecture on Melanoma, London Practitioner, February, 1903.

Handley. Hunterian Lectures on Melanoma, Lancet, 1907, xxvii, 996.

Chalier and Bonnet. Revue de chir., December, 1912; June, 1913.

Smith, Erwin F. American Journal of Cancer Research, April, 19 16; and

Science, June 23, 19 16.

Borst. die Lehre v. d. Geschwul.

Leo. Society de chir. de Paris, 1912, 1007.

Wieting and Hamdi. Beitr. z. path. Anatomie, 107, xlii.

Bechcaux. These de Paris, 1908-9.

Johnston, James C. Journal of Cutaneous Diseases, 1905.



384 DISCUSSION

DISCUSSION

Dr. F. W. Pariiam, New Orleans.

I want to mention an interesting case that shows the vahie of .r-ray

treatment postoperatively. A lady was sent to me complaining of

pain in her arm. A careful examination showed no trouble in the

arm but a large mass in the axilla which was found to be a melanoma.

It was nearly as large as my fist. I removed all the glands I could

reach. On inquiring into her history I found she had been operated

on hve years previously for a little mole, and the scar of this operation

I found on the breast. This was ver\- interesting showing the length

of time after the removal of this bit of tissue before the recurrence

took place. I treated her after operation systematically for some
months, gi\'ing exposure at first twice a week, then once ever}' week,

then once every two weeks, and afterward at longer intervals until

recently. Operation was done in October last, and the rapng begun

as soon as healing was complete. The case appeared extremely

unpromising. I examined her just pre\'ious to coming to this meeting

and could not find a sign of recurrence. Of course the time is yet too

short for definite cure, but the case was so e\'idently malignant that

the .T-ray treatment must be credited with distinct effect in delaj'ing

recurrence.



TUMORS OF THE CAROTID BODY

By RANDOLPH WIXSLOW, M.D.
BALTIMORE, MARYLAND

The occurrence of tumors of the carotid ganglion is of sufficient

infrequency not only to justify but to make desirable the record-

ing of all such cases. I therefore desire to place on record two

cases, that have come under the observation of my colleague,

Dr. Arthur M. Shipley, and myself, respectively.

Case I.—^A young woman, aged sixteen years, had on the

right side of her neck a hard lump the size of a hen's egg, deeply

seated, and about opposite the hyoid bone. It presented just

in front of the anterior margin of the sternocleidomastoid

muscle. It was slightly movable from side to side, but not

movable in the vertical direction. Its position was so deep that

it seemed to be in very close relationship to the transverse pro-

cesses of the cervical vertebrae. The patient had suffered

no inconvenience from the mass, there were no symptoms, and

the reason she came for operation was the presence of a growing

lump in her neck that she had only noticed for about two months.

Examination showed no evidence of pressure upon either the

pneumogastric, hypoglossal, or recurrent larjTigeal nerves.

The lump was single and the most careful palpation failed to

reveal the presence of other masses in the neck. Because it

was so firm, so fixed, single, and so deeply seated it was thought

to be a sarcoma, and a diagnosis of carotid tumor was not made

before operation, which was done November 30, 19 10.

Under ether anesthesia an incision was made by Dr. Shipley

Am Surg 25



386 WIXSLOW: TUMORS OF THE CAROTID BODY

along the anterior margin of the sternomastoid muscle and the

lump isolated. It was found to be firm in consistency, not

attached to the vertebree, and after careful dissection it was

seen that the common carotid artery tunneled the growth. The

internal jugular vein was firmly incorporated in the mass, but

the pneumogastric nerve was not seen. The growth could not

be removed without the removal of the entire carotid sheath;

so the common carotid artery and internal jugular vein were

ligated above and below the growth and the mass hfted out.

Almost immediately after the proximal ligature was applied

the anesthetist noticed a marked change in the character of the

pulse. Up to this time the patient had been taking a quiet

anesthetic, with a good pulse. The pulse immediately became

very fast, but was still regular. The operation was hastily

concluded. The wound was sutured without drainage, and the

patient returned to bed with a pulse around 160. The pulse

did not improve, continued rapid, and, indeed, at times, was

above 180. It was regular, however, and of fair volume. This

rapid pulse continued four days, but during this time the appear-

ance of the patient was good. In spite of the rapid pulse she

had very little discomfort, no dyspnea, and no cyanosis. The

only treatment during this time was an ice-bag over the heart

and h}^odermic doses of morphin. After four days of this

rapid pulse the patient was given strychnin nitrate, gr. ^^,

hjpodermically. Within a few hours from the beginning of the

administration of the strychnin the pulse rapidh' improved, and

on the morning of the fifth day was 100. This patient made

an otherwise uninterrupted recovery, and recently, after a

lapse of four years, returned to the hospital with a chronically

inflamed appendix, which was removed. At this time there

was no evidence of recurrence. (The notes of this case were

kindly furnished by Dr. Shipley.)

Case II.—L. L. S., white, male, aged twenty-four years, was

admitted to University Hospital, Baltimore, on April 20, 1914,

and was discharged on May 8, 19 14. He complains of a

"swollen gland on the left side of the neck." His family history
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is absolutely good and his personal history not important. His

habits are good and he does not use alcohol or tobacco.

About eight years ago he noticed a small lump on the left side

of the neck, which has gradually enlarged until it is now the size

of a small hen's egg. This tumor is single, smooth, hard, some-

what movable, but also fixed. It is not painful, but on deep

pressure tenderness is elicited. The surrounding tissues are

not thickened. The tumor is situated in the upper carotid

triangle on the left side. There is no aphonia, but occasionally

some hoarseness. Xo pulsation or bruit was noted, and the

circulatory system was not abnormal. He had a discharging

ear five years ago and has lost some flesh in the last six months.

The lungs, heart, and other viscera seemed to be in a normal

condition.

On admission his temperature, pulse, and respiration were

practically normal, as was also the urine.

This tumor was unlike any that I had ever seen, and I

expressed the opinion that it might be a growth of the carotid

gland.

Operation on April 20, 1914, under ether anesthesia. An
incision was made along the anterior border of the sternomastoid

muscle and the tumor exposed, but it was found impossible

to remove it until the carotid vessels were ligated below and

above the growth. The artery ran through the mass. The
pneumogastric nerve was not seen, but it is probable that the

recurrent laryngeal was injured. The patient did well and his

temperature chart was scarcely above normal subsequently.

There was, however, marked alteration in his voice and some

inequahty of the pupils, which was still present when he was

discharged on May 8.

There was no effect apparent on the pulse or respiration when
the artery was tied. Apparently the external carotid was absent

or had a high origin, as it was not seen during the operation, and

nothing resembling it was ligated.

This patient was heard from in December, 19 15, and he ex-

pressed himself as being well, but still had an impairment of voice.
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Pathological Report on Carotid Tumor. The tumor is

the size of a small egg, measuring 4.4 x 3 x 2.9 cm., weight 17

gm. It has a definite tendency to lobulation and a fibrous

capsule. It is irregular in outline, somewhat elastic, fairly

dense in consistency, and reddish in appearance. Running

obliquely through the tumor, near the periphery, is an artery

which permits a small goose-quill to pass through. Radiating

over the surface are many small bloodvessels, some of which

enter the tumor.

The tumor on section is of reddish-gray color, with enough

mixture of colors to give it a varied appearance. There seems

to be an indistinct arrangement of connective tissue running

from the capsule, more or less toward the centre of the mass;

the texture and structure between these bands of tissue is of a

deeper reddish tint and is softer in consistency.

Microscopic Examination. Sections including the capsule

show it is fibrous in character and that it radiates toward the

inner part of the tumor. The majority of cells of the connective

tissue are mostl}' of the elongated variety with indistinct nuclei

and many cells show nuclei of a vesicular character. Other

sections of the tumor show a marked increase in the connective

tissue, with practically nothing but the elongated or spindle cell

present. All sections of the tumor show a large number of small

bloodvessels, which, however, are not tj-pical in structure,,

some occurring simply as blood spaces.

Some of the vessels show beginning hyalin degeneration. The

cells are arranged into groups of large and small aggregations

and also occur as columns. In different parts may also be seen

irregular, small, isolated groups of cells. An alveolar arrange-

ment is also seen in some of the sections. Innumerable spaces,

long and short, broad and narrow, contain multiple layers of

cells. In some places these spaces seem to be greatly dilated

and are almost entirely filled with cells. All the cellular elements

are separated by considerable fibrous connective tissue.

The cells vary in size and shape, and for the most part are

irregular polyhedric in outline. The nuclei likewise vary in
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size, shape, and staining properties. For the most part they

are centrally located and surrounded by a fair amount of proto-

plasm, which is slightly granular. A distinct nucleolus may be

seen in some of the cells.

Fig. I.—Gross appearance of carotid tumor.

•Xo definite mitotic figures can be distinctly made out.

It is very difficult to be absolutely certain in making the

diagnosis of this tumor, and this seems particularly true of the

carotid tumors in general. I sent sections to the heads of
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several pathological departments of the best medical schools

and hospitals in the country and various diagnoses were made.

In several instances they would not commit themselves, but

i\.

%^^:

'«''' V'

Fig. 2.—Section of carotid tumor (X65).

rested upon saying "carotid tumor." The following diagnoses

of the sections I sent were suggested:

Perithelioma.

Endothelioma.

Sarcoma.

Carcinoma.

I believe it to be an endothelioma.

Howard J. Maldeis,

Pathologist, University Hospital.
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These two cases do not differ materially from those that

have been reported hitherto, except that the growth in Case I

had only been noticed for two months previous to operation,

which would suggest a mahgnant process. If such was the case,

however, a radical cure appears to have been attained, as the

y^'^"^^

^:.:;im
•\

-j/T^m^

Ji

Fig. 3.—Section of carotid tumor (XI45).

girl was free from recurrence five years later. The age of this

girl is also exceptional for the development of a carotid tumor,

as but few cases have been observed as young as sixteen years.

Case II appears to conform more closely to the usual type of

cases that have been reported. He was a young man, aged

twenty-four years, with a slow-growing lump that had been
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noticed eight years before it became sufficiently large to suggest

to the patient the propriet\- of a surgical procedure for its removal.

A very interesting phenomenon in the first case was the

sudden and prolonged tachycardia that followed the ligation

of the carotid vessels. Apparently no injury was done to the

pneumogastric nerve to cause a loss of its inhibitive action on

the heart. In 1900 I operated on a man, aged seventy-three

years, for a secondary growth of the cervical glands, which

involved the vessels and nerves of the neck. I ligated and

excised the three carotids for a space of several inches as well as.

the internal jugular and the pneumogastric nerve. At first

the heart's action was rapid, but it soon subsided and was not

more than 100 subsequently, and when he left the hospital ten

days later it was about 85 beats per minute. There was no-

perceptible influence on the pulse of Case II when the carotid

was ligated, and it never exceeded 80 per minute during the

time he was in the hospital. In this case the pneumogastric

nerve was not seen, and I do not see how it could have been

injured; but he had paralysis of the left vocal cord and post-

operative contraction of the left pupil, so that damage must

have been inflicted on the nerve itself or more likely on the left

recurrent laryngeal branch.

Another point of considerable interest in Case II is the fact

that while the common carotid artery tunneled the tumor the

external carotid was not seen. In 19 14 I operated on a woman
for angiosarcoma of the skull and ligated her right common
carotid artery. The vessel was exposed for a long distance,,

and I made a careful search, but nowhere could I find a trace

of the external carotid. It is possible that in each of these

cases there was a high bifurcation of the common carotid

artery.

The carotid body is a small structure situated at or just

posterior to the bifurcation of the common carotid artery. It

is not a gland in the usual acceptation of the term, but appears,

to belong to the sympathetic nervous system and to the chromaf-

fin group. It is best developed in early fetal life and gradually
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disappears in later life. If it remains it is liable to develop into

a tumor presenting evidences of malignancy. The function of

this ganglionic mass is not known. That this structure is prone

to e\dl is shown by the ever-increasing number of cases of "car-

otid tumor" that are being reported. These cases occur with

practically ec^ual frequency in males and females, and are

found in almost the same ratio in the decades from 20 to 60. A
few cases have been reported under twenty years of age and about

an equal number above sixty. The youngest case reported was

seven and the oldest seventy-four. The t^-pe of tumor is

usually endothelioma or perithelioma, which is generally benign

or but slightly malignant at first, but if not removed tends to

become cancerous.

Able and elaborate papers have been written on this subject

by Dr. W. W. Keen {Jour. Am. Med. Assn., 1906, xlvii, 469),

and by Callison and MacKenty (Annals of Surgery, December,

19 13), in which all known cases have been collected and tabu-

lated up to that time. Therefore I have made free use of

their statistics, but have collected, as far as possible, the cases

that have been reported since their papers were published.

Up to 19 14, according to Callison and MacKenty, 60 cases of

tumor of the carotid body had been observed; since that time

12 cases have been reported, including the 2 herewith presented.

Symptoms.—A tumor of the carotid body generally presents

no symptoms of a subjective character, though sometimes there

may be an alteration of the voice from pressure on the recurrent

laryngeal nerve, or cough, or slight dysphagia, or radiating pains,

or a sense of discomfort or tenderness. Usually the patient

seeks advice on account of a slow-growing lump in the upper

part of the neck, which has either taken on a more rapid growth

or has increased gradually to such an extent as to produce

deformity and to cause embarrassment. Occasionally the

growth is rapid from the start, but there is generally the history

of a lump that has been in existence for several years. By the

time the growth has attained a size sufiicient to attract atten-

tion it is as large as a pigeon's egg or a hen's egg. The tumor
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is ovoidal or egg-shaped, and is single and usually occurs on one

side only, though at least three cases of bilateral carotid tumor

have been reported. The tumor is found opposite the thyroid

cartilage and may extend upward toward the base of the skull

or downward toward the clavicle. It is firm, smooth, movable

laterally but not vertically, and sometimes has an upheaval

pulsation and a bruit and thrill from its relation to the carotid

vessels. Some observers have thought that there was an actual

expansile pulsation, but this is not probable. The growth is

encapsulated and does not infiltrate the surrounding tissues

unless its malignancy is far advanced. At times there is an

irregularity of the pupils from pressure on the cervical

sympathetic ganglia.

Diagnosis.—This condition has been diagnosed before opera-

tion only a few times, but it is being recognized more frequently

as its clinical features are becoming better known. In the case

under my care I made a tentative diagnosis of carotid tumor,

though I was by no means sure that such was the case until

I saw its relation to the carotid artery. It has been mistaken

most frequently for a tuberculous lymph node, aberrant thyroid,

carcinoma or sarcoma of the glands, as well as for various other

conditions.

A single, slow-growing, tirm, smooth, discrete, usually pain-

less oval lump, more or less fixed, situated in the superior carotid

triangle opposite the thyroid cartilage and anterior to or under

the sternomastoid muscle, should always cause us to suspect a

neoplasm of the carotid body.

Treatment. Although Keen, in 1906, made the statement that

unless the tumor is growing rapidly and presents evidences of

mahgnancy, it should not be removed, and Da Costa declared

that he would not operate on another case, which resolution he

promptly broke, I do not think there can be much diversity of

opinion that these tumors should be treated, as are other actual

or potential malignant neoplasms, by early and complete extir-

pation. The operation, however, should not be approached

hghtly, as it may prove both difticult and dangerous. In
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most cases it will be necessary to ligate and excise one or more

of the great vessels of the neck, and sometimes either by accident,

or of necessity some of the important nerve trunks, as the

pneumogastric, hypoglossal, or sympathetic, may be cut or

injured, thereby adding to the gravity of the procedure.

In some cases it is possible to dissect the tumor from the

vessels without injuring them, which while lessening the imme-

diate mortality certainly adds to the probabiUty of recurrence.

In view of the fact that cases have been reported free from

recurrence several years after the removal of the tumors by

dissection, without ligation or excision of the arteries, I think

we are justified in using this method in suitable cases.

The ligation of the common carotid artery is in itself a serious

operation, and in many cases there is disturbance in the cerebral

circulation that either terminates fatally or leaves the patient

with paralytic symptoms. In a personal case, some years ago,

I was obliged to ligate and excise the common and internal car-

otid arteries while removing a carcinomatous mass in the neck.

The patient never regained consciousness and died hemiplegic

on the third day thereafter. Of the cases of carotid tumor

operated on that have been reported, hemiplegia occurred

seven times with two deaths and five recoveries. The cerebral

complications, however, are not the only ones to add gravity

to the operation. In several cases reported the tumor itself

has been excessively vascular and the immediate hemorrhage

has been severe, and in three cases death resulted from hemor-

rhage. Injury to the large nerves of the neck, either by accident

or by design, occurs with considerable frequency, the most

serious being the division or excision of the pneumogastric.

In four cases that terminated fatally from pneumonia the vagus

was found to be cut in each. The h^-poglossal nerve has also

been divided in several cases, with subsequent partial paralysis

and hemiatrophy of the tongue; but this is not a matter of

great gravity. Division of the recurrent laryngeal nerve may

occur and will leave the patient with a paralyzed vocal cord

and huskiness of voice. In one case there was a constant cough
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after operation. Minor ill effects, such as partial facial paresis

from injury to twigs of the seventh nerve and inequality of the

pupils from damage to the sympathetic are sometimes noticed.

In fact, of the total number of operations for removal of carotid

tumors, in only a few cases were no nerve injuries observed.

Keen says that only 7 out of the 26 cases of removal of carotid

tumors, tabulated by himself were free from nerve symptoms

subsequently.

Mortality.—I have knowledge of 64 cases operated on for tumor

of the carotid body, of which 5 were exploratory in character,

lea^ing 59 in which the tumor was removed. Of 26 extirpations

tabulated by Keen 7 wTre followed by death, or 27 per cent,

mortahty. Callison and MacKenty's statistics give 12 deaths

in 50 removals, or 24 per cent., w^hile there has been no imme-

diate mortality in the cases reported during the past two years.

Leaving out of consideration the uncompleted or exploratory

operations there have been 59 cases in which the tumor has been

extirpated with 12 deaths, or a mortality of 20 per cent. As

this is a material lessening of the mortality, it indicates either a

better selection of cases for operation or an improvement in

technic in dissecting the growth free instead of ligating and

excising the great vessels. In 34 cases reported either all

three carotids or the common and internal carotid arteries

were ligated and excised with 11 deaths, or nearly 2)3 per cent,

fatality, but only two or three recurrences are noted. The liga-

tion and excision of the external carotid artery alone does not

seem to be attended with any special danger, and in a number

of cases where the tumor has been removed by dissection the

external carotid has been ligated also.

In 25 cases in which the common and internal carotids were not

ligated, 24 recovered from the operation and only i died, but

speedy recurrences occurred in 8 cases. It is probable, however,

that several of these cases would have recurred after removal

by any other method. It is an interesting fact that a case

explored and considered inoperable by Holloway was living

six or seven years subsequently; and several cases have been
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reported in which a tumor had been in existence from twenty

to thirty-seven years pre\dous to removal. In \dew of these

facts we seem to be between Scylla and Charybdis. If we excise

the carotid vessels with the tumor, we have a large mortality

from cerebral complications, but those patients that survive

usually do not have recurrence of the growth. If we dissect the

tumor free from the vessels, the immediate mortality is small

but the tendency to recurrence is great. In such matters an

operator decides upon the procedure to be employed according

to his best judgment at the time of the operation. In my opinion

the tumor should be removed by Hgation and excision of the

carotids, unless it is only very loosely attached to the vessels.

In 1906 Keen and Funke {Jour. Am. Med. Assn., xlvii, 469)

collected 29 cases of "carotid tumors," and in 1913 Callison

and MacKenty (Annals of Surgery, Ivi, 740) were able to find

reports on 31 additional cases. In a by no means exhaustive

search of the literature I have been able to find reports of the

following cases not hitherto tabulated:

Levings (Wisconsin Medical Journal, xii, 17).

Man, aged sixty-eight years, growth only three weeks in dura-

tion following an injury; size of goose egg and growing rapidly.

Operation. Internal jugular involved and excised, tumor

dissected from carotids. Recovery from operation and death

from recurrence in four and a half months. Diagnosis was not

made previous to operation.

Balfour and Wildner (Surgery, Gynecology and Obstetrics,

March, 1914, p. 203).

Woman, aged thirty-four years, suffering with adenoma of

thyroid, causing pressure s\Tnptoms and paralysis of right vocal

cord.

April 5, 1913, under ether narcosis, the right lobe of the

thyroid was excised, then a separate mass the size of- a lemon

was found in the right submaxillary region, at first thought to

be an aberrant thyroid. Very adherent to surrounding tissues

and intimately connected with the deep vessels. Internal

jugular invaded and excised for four inches; vein filled with tumor
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mass. Carotid vessels not ligated. Convalescence rapid; left

hospital on sixth day; subsequently developed hemiplegia, which

persisted, and recurrence was thought to have occurred.

Holloway {Southern Medical Journal, vii, 557).

Woman, aged thirty-five years; multipara; some dysphagia

and choking; tumor size of walnut. Operation undertaken and

discontinued on account of hemorrhage. Patient recovered from

operation and was still living six or seven years subsequently.

Schmidt (Beitrag zur klin. Chirurgie, Ixxxviii, 301). Operator,

Prof. Enderlen.

Woman, aged fifty-two years, noticed lump on left side of neck

for twenty years, growing rapidly for three months; now size of

a hen's egg. Slight sticking pain and loss of weight. On right

side of neck there is a much smaller lump in the upper carotid

triangle.

Operation on left side under local anesthesia. Large cavernous

vessels overlying the tumor caused severe bleeding. External

carotid ligated; common and internal carotid excised and the

cut ends brought together with sutures. No disturbance of

brain followed. Tongue on left side became atrophic and its

protrusion lessened, indicating an injury of the hypoglossal nerve.

After seven weeks the right side was operated and the tumor

dissected from vessels without injuring them. Patient well and

free from recurrence a year later.

Jopson and Kolmer {Annals of Surgery, Ix, 789).

Woman, aged twenty-seven years; March 19, 1913; growth

the size of a pigeon's egg; two months in duration. No special

symptoms; lump movable and painless. External carotid artery

ligated but not the internal or common; no nerves injured.

Discharged, cured, in eleven days. Pathological diagnosis:

perithelioma of carotid gland, chromaffin cells found. Diagnosis

not made previous to operation.

Collier {Surgery, Gynecology and Obstetrics, April, 1915, p. 484).

Woman, aged fifty years; slowly growing tumor the size and

shape of a large walnut on the left side; five years in existence;

of dark reddish-brown color. No symptoms except a sense of
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fulness in the neck. Operation under ether. Three carotids

ligated; nerves not injured. On second day edema of larynx,

hoarseness, paralysis of left vocal cord. Recovered and left

hospital in sixteen days. Voice normal in six months.

Owen {Annals of Surgery, Ixi, 382).

Colored soldier, U. S. Army; growth on left side, size of an

egg; one year in duration; painless; slightly movable; slight

pulsatile upheaval ; slight dysphagia. Tuberculosis and syphilis

negative to tests.

Operation, March 19, 19 14; ether anesthesia; tumor in the

bifurcation of the carotid vessels; of bluish color and vascular.

Dissected free from arteries, free bleeding controlled by clamps

and packing. No complications ensued.

Man returned to duty in one month, well. Diagnosis: "endo-

thelioma from an intracarotid rest."

WilHam Perrin Nicolson (Atlanta, Ga., personal communica-

tion).

"Mrs. C, white, aged forty-three years, housewife. Consulted

me in May, 19 14, for a large tumor of the neck. This began

nine months before as a small movable tumor in the side of the

neck, which was supposed to be an enlarged gland, and was so

treated. The increase in growth had been gradual, and produced

no special disturbance until recently, when the pressure symp-

toms began to give distress. Within the last month or two a

small movable growth, much Hkc the original, has appeared upon

the other side of the neck.

"Examinations showed the left side of the neck completely

blocked by a very large tumor, which was practically immovable.

It extended from just above the clavicle to the base of the skull,

and the median side had pushed the trachea and larynx to the

right of the middle line, while externally the edge of the growth

was well overlapped by the trapezius muscle. The growth was

clearly of a sarcomatous nature and a gloomy prognosis was given,

and the operation distinctly discouraged. In .spite of this the

patient appeared the same afternoon at the hospital, and in face

of the discouraging outlook, asked for operation, which was
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performed May i6, 19 14. The external border was first attacked,

as being in less dangerous territory, and was finally with much

difficulty lifted from under the border of the trapezius muscle,

after the sternocleido muscle had been cut. At the inner side

of the growth there was an intimate adherence to the thyroid

gland, and above to the submaxillary, both of which were spread

over the internal and upper edge of the tumor, so that a part of

each gland was left attached to the growth. When the trachea

was separated it was found to be deflected much to the right side

of the median line. Finally the point was reached when by

blunt dissection the fingers could meet under the growth and in

front of the cervical spine.

"In proceeding to release the lower pole of the tumor it was

discovered that a rounded cord entering it contained the carotid

vessels, and for the first time the character of the growth was

discovered. This was clamped and cut through with scissors,

the immediate effect of which was very alarming, and from this

time on there was much disturbance of both respiration and

circulation, and a number of times work had to be suspended.

The upper pole of the tumor was so tightly jammed under the

skull that it could only be removed by clamping the vessels

behind, and cutting it away with curved scissors. The two caro-

tids were quickly clamped and tied, as both were bleeding from

the distal ends; but it was necessary to sew over the internal

jugular vein at the jugular foramen, as there was not sufficient

space to tie the vessel. There was a deep trough, extending

from the base of the skull to the clavicle, bounded behind by

the vertebral column, free from sympathetic nerves, and covered

by the glistening tendon of the rectus capitis anticus major.

At times during the operation the pulse registered above 160,

but at the conclusion there was no serious shock. The time

was one hour and forty-five minutes.

"The physiological storm that followed for a week or ten days

was very interesting. The typical laryngeal paralysis reduced

the voice to a whisper, and there was practically complete paral-

ysis of deglutition, fluids gushing back when attempts were made
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to swallow, accompanied by violent strangling and coughing.

A severe bronchorrhea developed in the left lung, and there was

great difficulty in getting rid of the tenacious mucus. The pulse

ranged as high as 150 at times, and the left side of the face and

the left eye were intensely suffused with blood. Fortunately

all of these symptoms gradually improved, and she became

more comfortable, and three weeks after the first operation,

attention was directed to the tumor upon the right side, which

we had by this time been satisfied, was also a carotid tumor.

It was about the size of a large olive, movable from side to

side, but could not be lifted up or moved upward or downward.

The location corresponded with the bifurcation of the common

carotid artery.

"The patient, after discussing the dangers connected with its

removal, consented to the operation, and on June 5, the operation

was undertaken. The tumor was easily reached on its anterior

aspect, being covered only by the superficial structures, but on

each side it was very intimately attached, requiring a careful

and rather disturbing dissection. It was also \-cry tightly

attached at its lower pole, but when a line of cleavage was

secured, instruments were abandoned, and the under surface

was detached by peeling it away with the finger-nail. Finally

it came away, leaving the vessels intact, and a sigh of relief came

from all. Not a vessel had been ligated, and the small wound

was closed with catgut and covered with a collodion dressing.

In the meantime everything but the hoarse voice and the diffi-

culty in swallowing had ceased, and the latter gradually

improved. Even at this time a thickening began over the right

side of the neck, and in five weeks after leaving the hospital

the patient returned, with a distinct and rapid recurrence.

She was put upon the Coley fiuid, with a negative result.

"Four months after the first operation the end came. At the

site of the smaller tumor there was no recurrence, but it w-as

evidently impossible to remove all the diseased structures."

Da Costa (New York Medical JournaL xci.x, 253).

Woman, aged forty-eight years; si.x children; has had trouble

Am Surg 26



4C2 WINSLOW: TUMORS OF THE CAROTID BODY

for eight months. Has bilateral tumors, each the size of a hen's

egg. Some dysphagia and change of voice. Has lost 30 pounds

in eight to ten months. Xo operation was done and the woman
died a few months later.

Postmortem examination revealed the tumors to be mahgnant

growths of the carotid gland, of the type of perithelioma.

Sapegno {Archiv med. Turin, xxxvii, 367) reports the findings

at autopsy in the case of a woman, aged sixty-four years;

apparently no operation was done.
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DISCUSSION

Dr. William B. Coley, Xew York.

I have observed one tumor of the carotid gland which was reported

in detail in my paper read before this Association a year ago. I

would say it was in a male adult, forty-five years of age. The tumor
was larger than a goose egg and the operation was difficult. In this

case I did not tie the common carotid but the external carotid and

removed the tonsil. The microscopic report was typical "tumor
of the carotid gland." A picture of it is pubUshed in my paper. I

do not think it necessary otherwise to tie the common carotid in most

of these cases. I do not believe it is wise to leave them alone as

suggested by Dr. Keen and Dr. Da Costa. You cannot decide until

you do operate, and the latter treatment must be based on conditions

found at operation.

Dr. Charles H. Peck, New York.

We had recently on my service at the Roosevelt Hospital a case

which proved to be a t^-pical tumor of the carotid gland in an early

stage. Before operation it was thought to be an enlarged tuberculous

lymph node. After excision, which was very easy, as it was rather soft

and jelly-like in consistence, microscopic examination showed the

typical structure of a carotid tumor.

Dr. Randolph Winslow, Baltimore (Closing).

There are three cases rejHJrted of bilateral carotid tumors, one

operated on by Enderlen under a local anesthetic, in which he excised

the growth and made an end-to-end suture of the carotid artery.

No cerebral symptoms followed : Then seven weeks later he operated

on the other side, was able to dissect it free, and the jxitient not only

recovered but remained well at the time of this report. I ha\"e here,

which I will not read, a report furnished me by William PerrinNicolson,

of Atlanta, Georgia, of a case having an enormous growth on one side

with a smaller one on the other, and these removed at different times.

This patient recovered but died four months later of recurrence Dr.

Da Costa had also a case of bilateral tumor ujjon which he did not

operate, and which died some months later.



OS CALCIS FRACTURE

By FREDERIC J. COTTON, M.D., F.A.C.S.

BOSTON, MASSACHUSETTS

In presenting this paper to the Association I am moved by

both pride and chagrin. Eight years ago I pubhshed a paper

on this subject which I have re-read recently; it contains so

exactly what I believe today that I am embarrassed. Either

I was then, and am now, entirely wrong, or else the profession

continues to be entirely wrong now after due warning.

One thing seems certain; outside the staff of my own hospital

no one has paid the least attention.

I am going to do it again, and try to do it better.

In the first place, the lesion itself has not been understood;

the crushing and spreading character of the damage; it is not a

clean-cut break. The .r-ray shows only a confusion of interrupted

lines that mean nothing. Cabot and Binney, and others, have

tried to formulate and classify these fractures. This is about

as useful as classifying cracks in a walnut after the nut-cracker

is through with it I The heel-bone is mashed down, and there are

all sorts of lines to be found. This is well enough illustrated in

these plates (Fig. i).

Be it said in passing that we have no concern with cases of

avulsion of a fragment of bone, through pull on the Achilles

tendon—a different lesion entirely, so rare that I have personal

knowledge of but 3 cases, and of none at all in the 100-odd that

have come to my attention in this series.

Our class, to be considered now, are the cases in which the

patient lands on his heel and mashes it down. As it mashes

down, obviously the rear-end of the calcis is pushed up a bit,
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Fig. I.—Sketches from .r-rays in author's collection—fracture of os calcfs
of various types or lack of type. The upper figure shows fracture of the
apophysis '

' at the back, also.

Fig. 2.—The vertical diameter of the bone is notably decreased. Skiagraph
of a healed fracture shows also, anteriorly, a deeply projecting spur that mu'^t
give troublesome pressure in the sole of the foot.
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more or less, in one case and in the other the bone is decreased in

its vertical depth (Figs. 2 and 3); also (and more important, as

shall presently be shown) its lateral diameter is always increased,

and often greatly increased. This increase is more particularly

due to a bulging outward under the external malleolus (Fig. 4).

The specimen shown in this plate serves to show why this is

Fig. 3.—Shows the projection of outwardly displaced bone fragments close

lip under the external malleolus. The point A' is as far out as the malleolus,

r. instead of one-half to three-quarters inch deeper in. This distortion is

vent' evident on palpation.

so (Fig. 5). The late Dr. Louis Wilson and I got hold of it when

we first were working on os calcis fractures. It was in no way

unlike the average case, save that infection, through a slough,

led to. amputation; hence the specimen. I know of no other

fresh specimen studied out.

You wil see that there are not only irregular fissures through
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Fig. 4.—Drawings from a specimen of fresh fracture of the os calcis from

the author's collection. This was originally a simple fracture of the os calcis

of the ordinary type; a skin slough developed, with subsequent sepsis of bone,

necessitating amputation. The upper sketch shows the bones as they appeared

after maceration; some bone splinters were missing. The os calcis, as a whole,

was much displaced upward and outward; the lower sketch shows a reconstruc-

tion of the bone, showing fractured ines; there was irregular splintering in the

region of the inner tuberosity, and a fracture-line running through the sus-

tentaculum; the sketch to the left shows the os calcis from above, the last-

named fracture-line appears, splitting the sustentaculum; another fracture-lin?

branching from it entirely separates the back half of the sustentaculum; an

irregular fracture-line separates the thick cortical plate of the outer side of

the bone for a considerable distance. It is not believed that there is anything

typical about this fracture-line, as will presently be shown; the x-rays seem

to show all sorts of irregular, complicated lines of fracture. I believe, however,

that the damage in this particular case is not more than in the cases we are

in the habit of seeing.
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the spongy bone (a number of them) but also a spitting away of

a compact plate on the outer side, which is necessarily displaced

outward in greater or less degree. This plate, more compact

than most of the bone, carries on it the peroneal tubercle,

so-called, and the peroneal tendon sheath, in which the tendons

play about the pulley arrangement, of which the tubercle is a

Fig. 5.—View of normal os calcis, seen looking down from behind—plate under

the sole of the foot. A' is the outer side.

part. All this whole arrangement is pushed outward with, and

in front of, the external plate of the bone. The plates here

shown give an idea of this apparently constant displacement

(Figs. 6, 7, 8 and 9).

So constant s this feature that I always expect it; have always,

save in 2 cases, found unmistakable bony thickening at this

point; have had no hesitation, when it was present, in making the
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diagnosis on this point alone, and have failed to conhrm the

diagnosis in but one of many cases.

There is one other nearly constant factor: the interference with

the joints between the astragalus and calcis, particularly with

the posterior calcaneo-astragaloid joint. It may be directly

involved, as in the dissected specimen (Figs. 5 and 10), or it may

X

A B

Fig. 6.—Like view of two old crippled cases of calcis fracture. Xotc the

bulge in each cut, X, on the outer side, and, in B especially, the great total

broadening of the heel bone.

simply have its range of sliding motion shortened, or its align-

ment thrown out by the displacement of fragments without

the joint being broken open (Figs. 11, 12 and 13).

In cither case it pretty surely goes out of commission, more

or less completely, as an effective mechanism. This is important,

for as R. W. Lovett and I showed long ago, it is almost purely

between astragalus and calcis that the movements we call

pronation and supination occur.
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With the joints between os calcis and astragalus gone, pro-

nation and supination disappear, and this is precisely what we

nearly always hnd in os calcis fractures; lateral motion gone

—

up-and-down movement preserved.

Fig. 7.—After reduction. A case with marked deformity at the start

•(.v-rays taken lost). Shows, after reduction, both general bone outline and

joint relations not far from normal. This man recovered nearly all of his lateral

motion and obtained an excellent result.

These then are the features that are nearly constant:

(a) Pushing up of the heel.

(6) Broadening of the bone, mainly outward,

(c) Interference with lateral mobility.

Now we all know that the usual treatment of os calcis fractures

(even w^hen not treated for sprain) is to put them up in plaster

and trust to obtain the good results called for in all respectable

text-books. What kind of results do we <:et? Wilson and I
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Fig. 8.—Recent case. Note decreased depth of Ijone at the front end,

irregular spur formation beginning about the splinter that thrusts downward

into the heel, and especially the distortion of the calcaneo-astragaloid joint

from displacement along the fracture-line that runs into the front en:l of

the joint. See Fig. 9.

^i'ij'j

J
Fig. 9.—Distortion of same joint as Fig. 8, by displacement of fragments.
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concluded in 1908, from a study of 22 cases found in an attempt

to "round up" 84 cases treated at the hospital, that at least half

the cases (probably more) had some serious permanent disa-

bility; not always enough to prevent some work, but serious.

I do not think that this statement is overdrawn. Latterly I

Fig. 10.—Old case. Note decreased vertical diameter of the forward end
of the bone. Note also the fragment projecting into the sole, well forward

(see Fig. 3). Also, note the posterior calcaneo-astragaloid joint, while perhaps

not actually broken into, is so distorted as to be useless as a joint. In fact,

this patient had no lateral mobility of the foot. Same case as Fig. 6, A.

have had referred to me. for late examination. 14 cases of os

calcis fracture, varying from eight weeks to two years after

the fracture. They run as follows:

I. J. A., aged fifty-six years, examined at six months; much
thickening and tenderness; lateral motion lost; totally disabled.



Fig. II.—Old case, crippled. Note the short heel, short anteroposteriorly,

and the shortening of the available joint surface on the calcis side of the

posterior calcaneo-astragaloid jo'nt.

Fig. 12.—Treatment by impaction. The foot is laid on a sand-bag, a felt

pad held to protect the outer side of the calcis, which is then impacted by
blows from the mallet. This impaction is used only after careful correction of

position.
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2. M. J. C, aged sixty-four years, examined at three months;

refused reduction after accident; lateral thickening; tenderness

on outer side; short heel; relatively little loss of motion; entirely

disabled. Reexamined at six and a half months; better; slow

and clumsy; still totally disabled.

3. J. F. D., aged thirty-eight years; examined at five months.

As he stands, the external malleolus is in contact with the calcis;

heel broad and fiat; very httle lateral motion; can walk a half-

hour, then has to quit; disabled.

4. J. G., aged forty-four years; examined at seventeen months.

Tx'pical deformity; not extreme; little lateral motion; disabiHty

mainly from contact of fibula with calcis; has tried plates, etc.;

has much pain and disability. At two years and three months

after injury he reports that he is no better, despite exercises, etc.

5. C. H., aged forty-two years; examined at three and a half

months. Typical deformity; not extreme; up-and-down motion

normal; lateral motion fair; pain entirely on outer side; still dis-

abled; may have some disability but promises a useful foot.

6. J. T. L., aged forty-eight years; examined at three months;

much broadening; httle displacement of the heel; lateral motions

fair; now crippled but probably going to have a useful foot.

7- G. J. J., middle aged; examination at four months; almost

no displacement; disabiUty mainly from the rare factor of

spastic contracture of the peroneals; totally disabled but dis-

ability probably remediable.

8. H. L., aged thirty-seven years; examined after two years;

operated on for total disabihty at the Massachusetts General

Hospital, where some bone was removed. Has loss of lateral

motion; some thickening and much tenderness on outer side;

totally disabled.

9. D. M., aged twenty-five years; examination at nine months;

fracture of os calcis, right and left. Shows usual deformit}- in

both feet; loss of lateral motion in both feet; much thickening

externally, especially on the left. Can walk for half an hour

only; is \ery stiff and sore in the morning; still improving very

slowly; good for nothing after nine months, and unlikely ever to

go back to labor again, though he may improve.
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10. B. C, aged thirty-eight years; examined at two and a

half months; broadening of heel, well marked; external thicken-

ing; up-and-down motions normal; lateral motions entirely gone.

Reexamined at three and a half months; shows no return of

mot'on; much pain at outer side on walking; entirely disabled;

prospects certainly very poor

11. J. B., aged twenty-seven years; examined at two months;

treated as a sprain; great thickening on outer side; total dis-

placement small; motions fair; gets about fairly well; promises

to get a useful foot, but probably some trouble from the massive

thickening under the external malleolus.

12. J. J. S., aged about thirty years; examined after thirteen

months. Thickening present, especially on outer side; up-and-

down motion normal; lateral motion entirely gone; is wearing a

plate; gets about with considerable discomfort and not handily;

entirely disabled for active fire duty.

13. V. S., middle aged; examined after ten months. Typical

deformity; also had a fracture above the ankle; well reduced and

united; has tendo-Achilles contracture as well as total loss of

lateral motion. A perfectly useless limb, but with the disabihty

not entirely due to os calcis fracture.

14. C. W., aged twenty-six years; examined at four months.

Type deformity; not extreme; considerable loss of lateral motion;

up-and-down movements normal; total disability mainly due to

pain on the outer side from contact of the fibula with the greatly

thickened calcis. Later I cleared away much of the superfluous

bone and stretched the foot into pro- and supination, with almost

entire rehef of symptoms.

Out of 14, none fit to work, when seen, and but 3 that looked at

all promising. A pretty poor showing, when we remember that

insurance companies nearly always call for examinations if

a man is not on the job in two or three months; so these are

probably pretty nearly an average run of cases.

Besides this series, Dr. Francis Henderson has been trying for

months past to track down cases treated at the City Hospital

within the last four years. Those of you who have followed the

laborer in a big city, in his kaleidoscopic flittings and disappear-
Am Surg 27
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ances, will not be surprised at his indifferent success. Some

cases have been found, however, as follows:

15. L. B., aged fifty years; examined at three months; was in

hospital and had some manipulation; now shows limitation of all

motions; lateral motion entirely lost; has a limp and much pain;

is, as yet, entirely disabled.

16. G. P., aged forty-live years; examined at eighteen months;

taken to hospital but would not remain. Shows general thicken-

ing about the heel, especially to outer side; lateral motions

entirely gone; up-and-down motion fair; gets about with an

extreme limp and much pain; entirely disabled.

17. D. D. D., aged fifty-four years; examined at seven months;

fracture never treated. Shows much limitation of flexion and

extension; lateral motions entirely lost; all attempts at motion

very painful; has not been able to wallc at all on this foot since

the accident; x-ray shows the t>^e deformity.

18. W. C. D., aged fifty-eight 3Tars; exo,mined two and a half

years after; had had no reduction; unable to walk for nine

months; still has a bad limp; lateral motions gone; other motions

poor; walks with a stick; practically crippled.

19. A. J., aged thirty years; examined after twenty months;

much deformity of the heel; arch gone; all motions practically

gone; walks with a Hmp, using a stick; disabled.

20. A. D., aged fifty-four years; examined after two and a half

years; original x-ray shows not very severe displacement. After

two and a half years he still Hmps; shows a great deal of thick-

ening under the external malleolus with some tenderness there;

up-and-down motion fair; lateral motion entirely gone; a good

deal of pain; has serious disability but manages to work as a

painter.

21. J. M., aged eighteen years; examined two years after

accident; was on crutches nine months; since then he has walked

with a limp and has a great deal of pain in the morning; shows

general thicken'ng; lateral motions entirely lost; up-and-down

motion not good; works as a painter, despite his disabiHty.

The foregoing cases were untreated or treated only by manipu-

lation and plaster. Those that follow had some real attempt
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made to correct conditions. The City Hospital staff have been

taking os calcis cases seriously enough of late to do something,

or have the house surgeon do something.

22. J. J. H., aged forty-four years; examined three years later;

was unable to walk for eight months; now w^alks with a limp;

there is much thickening under the external malleolus; up-and-

down motions good; lateral motions gone; complains of much
pain; unable to stand for any time; completely disabled. (This

case had only a hammer impaction done.)

23. J. R.. aged thirty-five years; examined two years after;

had hammer impaction done under ether; began to walk at

fifteen weeks; has marked restriction of lateral motion; has a

very slight limp; is working as engine house fireman; disability

slight.

24. J. R., aged thirty-nine years; examined after two years

and ten months; had some sort of reduction done and comparison

of original .T-rays before and after shows marked improvement.

Shows much restriction of lateral motion; up-and-down motion

fair; shows a good deal of thickening; has a considerable limp

but works as striker on a coal team; disabihty slight.

25. D. M. G., aged fifty years, examined after three years;

''reduction under ether;" noted as having shown a marked

flattening; went to w'ork after thirteen months; did some work for

a year; shows broadening and thickening; lateral motion gone;

up-and-down motion poor; has to use a stick to walk any dis-

tance; entirely disabled. (No impaction done in this case.)

26. S. S., aged twenty-four years; examined after three years;

said to have been "partially reduced;" shows only moderate

thickening but lateral motions are gone; flexion and extension

perfect; has a good deal of pain and lameness in the morning;

works as a sign painter; disability not great.

27. M. S., aged forty years; examined after two years; was

reduced by the house surgeon after my method; original .r-ray

shows much crushing; has a great deal of thickening; a good

deal of loss of lateral motion; limps and says he has a great deal

of pain when he has been on his feet all day; disability consider-

able.
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28. J. R., aged forty years; examined two and a half years

later; reduced according to my method; returned to work in

eleven weeks as a carpenter but had trouble for six months.

Now shows all motions practically perfect; no considerable

deformity; walks well and has no pain; at work; perfect result.

(Original .r-ray shows displacement not extreme; joint not

involved.)

29. D. H.; double fracture, reduced my way; six weeks later

getting around pretty well. Investigation two and a half years

later found he had died. (Immediate result of reduction good.)

30. G. M., aged lifty-six years; examined three years later;

was reduced by my method; noted as a case with much thick-

ening externally; lame for seven months. Now shows shght

thickening; a little hmitation of lateral motion; has no pain; is

back at work in Navy Yard; perfect result.

With these should go private cases, as follows:

A man, aged forty-live years, for whom I did an impaction

last winter, who has now a practically perfect foot.

A friend of mine, a doctor on whom I did the first impaction

ever done, with a perfect foot as a result.

A case seen for Dr. Emil Geist last year in which, despite

obvious deformity, everlasting massage and exercises brought

about very good function.

There is no time here to speak of results of operative treatment

on these cases; late interventions, mine or other people's. Such

operations would rarely be necessary were the cases properly

treated at the start. They are useful, but give comparatively

poor results as a rule.

Now, imperfect as this series is, it covers an end-result investi-

gation of 55 cases, out of original lists of 153 (reduced for error

to 144 cases) with real data on 55.

Now it is perfectly evident, from the cases cited, that (i)

results w^ithout more treatment that the traditional plaster

are appallingly bad; (2) with some pains taken (some attempt

at reduction) the results are better; sometimes even excellent.

Therefore we should try to do something; reduce wholly if

we can—partly at worst.
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]\ly method—^or really the method the late Louis Wilson and

I worked out together—is as follows

:

1. Loosen up the fracture by manipulation.

2. Pull the heel down. We used to put a sound through from

•side to in front of the heel cord, and pull down; lately I use ice-

tongs as easier to handle and as affording a better grip.

3. Free the joint motion between astragalus and calcis.

4. Push in the displaced bone under the external malleolus;

this narrows and shapes the whole bone. We do it by slowly

striking with a big mallet on the outer side of the foot; padding

with felt to take the blow; supporting the inner side of the foot

on a sand-bag. This impacts, and, owing to the fact that the

outer plate is firm, the impaction is usually fairly solid.

5. We put the foot up in plaster; not at a right angle but with

the heel-cord slack; also we avoid direct pressure on the heel.

It is well after the impaction to test again as to the presence

of lateral motion. If the impaction has impaired it, then work

the joints loose again, and rcim])act. This is rarely needed,

however.

I have done this impaction many times; I have never failed to

get improved position and have usually succeeded in entirely

abolishing the abnormal prominence below the external malleolus,

and in restoring the lateral motion and in getting a serviceable

impaction. Bringing the heel down where it belongs does

not always work out so well, but is less im])()rtant (Figs. 14, 15,

16, 17, 18, and 19).

Handicapped by poor records and the extreme difficulty in

tracing the shifting artisans of big cities, I can give you no

real presentation of end-results achieved, though I hope to do so

later on.

What I would say now is that os-calcis results are too bad to

put up with, as they run, and that the method of treatment

presented is, so far as I know, the only proposal that is even

logical.

It is logical; it is feasible; it seems to work and I think it

deserves further trial.



THE PARHA^I AND :MARTIN BAND IX OBLIQUE
FR.\CTURES

WITH REMARKS UPON MECHANICAL APPLIANCES VERSUS

BONE GRAFTS

By F. B. LUND, M.D.
BOSTON, MASS.

As we gain further experience and skill in the operative treat-

ment of fractures, we are more and more able to make an intel-

ligent choice of the cases which should be operated upon early,

to operate more skilfully and take better after-care, thus avoid-

ing the painful necessity of operating late upon the bad results

of those fractures which have received the so-called "conserva-

tive'' treatment.

In fractures of the femur—particularly those cases in which

the old Buck's extension treatment entailed for the patient sa

much discomfort and so long confinement in bed (three to six

months), and for the surgeon so much care and constant adjust-

ment of the apparatus—our results have been more satisfactory

and the method of obtaining them more easy and comfortable,

both for the patient and the surgeon.

In cases of transverse fracture of the femur, especially those

where repeated attempts fail to bring the ends into apposition^

and in which .r-rays show the ends overlapping or perhaps

actually separated by a clear space, "interposition of soft

tissue," is operation indicated. We gain by operation, with

firm internal fixation: (i) the knowledge that the ends of the

femur are in perfect position; (2) the ability to hold them there
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by iLxation in a plaster-of-Paris dressing; (3) the power to bid

farewell to the cumbersome, unsatisfactory, and trying exten-

sion methods. We can also practically ensure for our patient

a perfect anatomical result without shortening.

The long plates with six or eight screws offer very good fixation

in femur fractures, but the length of the limb and the power of

the muscles are so great in proportion to the strength of the

plate that without firm, long-continued external fixation a slight

springing of the ends may take place, the screws may gradually

loosen and pull out, and marked bowing, or actual displacement

of the ends, may occur, resulting in failure. Of course, experi-

ence has by this time taught us to use wood screws and to fit

them tightly in the screw-holes; but even with adequate technic,

fixation by plates and screws is not absolutely satisfactory, and

long and careful immobilization is necessary.

Even though in plating our results are better than with the

old methods and our deformity less, union is not much more

rapid, and in fact some (Martin) have claimed that it takes

place more slowly. I think he is right.

In oblique and comminuted fractures we have a method of

fLxation which is simple, rapid, mechanically effective, and gets

union in a comparati\-ely short time. I refer to the steel band

devised by Parham and ^lartin, of New Orleans.

Oblique and spiral (often comminuted) fractures are perhaps

more frequent than transverse. Transverse fractures are pro-

duced when the fracturing force is applied at right angles to the

bone, as in the femur when a man in an automobile accident is

thrown sidewise against a telegraph pole. Oblique and spiral frac-

tures occur when the force is applied nearly in the longitudinal axis

of the bone, as in falls from heights striking upon the feet, espe-

cially if the body be twisted so as to produce rotation. Slow-

ness of the application of force tends against transverse and for

spiral fracture. If we wish to break a stick transversely we pull

it sharply across the knee. If we wish to splinter it, we stand

it on end and hit it with a mallet, or twist it, holding one end in

each hand. It seems possible that a majority of fractures of
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the shafts of the long bones are more or less spiral or oblique;

at least, we use the bands nowadays full as often if not oftener

than the plates. An obliquely fractured bone may be compared

¥ V

Fig. I.—An oblique fracture of the femur, banded two years ago, in a
child, aged four years. A (left), anterior view, showing the band embedded

in the femur and entireh^ covered by new periosteal bone; B, lateral view,

showing that here the bone has not entirely embedded the band.

to a broken lishing rod; the rod always breaks obliquely with a

splintered fracture, and the effective way to mend it is to wind

it with waxed thread, thus bringing the fractured surfaces in

apposition and holding them firmly. The same principle is
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Fig. 3, A (left).—Oblique fracture of lower end of femur in a woman, aged

sixty-three years. The difficulty of adequate treatment by extension in

this case is evident. B, same case treated by band. There was rapid and

uneventful recovery and good function.

Fig. 4, A (left).—Spiral fracture of the tibia in an adult. B, same after

application of band.
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applied to bone by the Parham band. The bone if outside the

body might be wound with copper wire, as a fishrod is with

thread, and the result would be excellent. But this would take

much time and cause much trauma in operating through a deep

Fig. 5, A.—Oblique comminuted fracture of upper end of femur.

incision in the muscles of the thigh. A single wire passed once

around the bone would not give firm enough apposition, and
would be likely to cut its way quickly into the cortex, so as to

be too rapidly loosened.
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The band of Parham and ^Martin is wide enough so that one

or at most two of them passed around an obhque fracture give

effective support, and they can by means of the band-placer be

carried quickly around the bone and fixed as quickly as a wire

Fig. 5, B.—Same after application of band.

can be twisted. The rough oblicjuc fractured surfaces are firmly

held together, and the fragm.ents evidently much more firmly

supported than are the transverse fractures by a bone plate.

The strain on the plate is trans\erse and sometimes breaks it.

The strain on the band is longitudinal; it never is broken after
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it is once in place. The firm apposition of the rough surfaces

of bone prevents slipping, twisting, and springing. Union takes

place quite rapidly, and motion may be allowed several weeks

earlier than with the bone plate. The band is wide enough so

that it does not cut in and thus become loosened. It is simpler

of application than the plates and screws, as it requires no drilling

of the bone, accurate fitting of screws, or careful use of screw-

drivers and drills. The one advantage in the plate and screws

is that one does not always have to clear the soft tissues off

clear around the bone, but can grasp the ends with heavy for-

ceps, and drill and put the plate in without clearing the soft

tissues off the posterior surface of the bone. This is an advan-

tage in the femur because the linea aspera is difficult to clear,

and it is there, if anywhere, that we get hemorrhage, while In

the tibia we must avoid the interosseous membrane and the

occasional injury of the posterior tibial, which may take place

if we carry instruments carelessly around behind the bone.

This slight disadvantage is not to be weighed for an instant in

the oblique cases, however, against the other advantages of the

bands. A very clever instrument has been devised by Dr. Duff,

of Boston, which may be passed around the bone while hugging

its posterior surface, and with the minimum of trauma and

separation of soft parts, which in my hands has greatly facili-

tated the passing of the bands. They may thus be quickly

and simply applied. In spiral fractures with comminution the

band holds the separated piece firmly in its position between

the main fragments of the shaft; or if one band (as is rarely the

ca,se) does not accomplish this effectively, two will certainly do

so. For these cases before I knew about the bands I used a

plate and wires.

In our hospital we have a good many oblique fractures of the

femur in children, and three years ago I began to use the band
on those. After banding and plaster-of-Paris fixation the

patients have been surprisingly comfortable, and the great

advantage has been that no adjustment of apparatus has been

required. After four weeks the plaster can be taken off, and
after lying in bed a week the little patients get up on crutches
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and very soon are running about. The results in these cases

have usually been perfect. When we first began to use the

bands we were warned by various surgical wiseacres that in

these children, as the bones grew, the bands would cut in and

girdle the bone and that fracture would result; or that the

band would cut off the nourishment from the distal portion of

the bone and prevent its growth, comparison being made to

girdling a growing tree by a wire tight enough to cut off the flow

of sap and kill it. But the blood and lymph which nourish

a bone do not flow straight up between .the periosteum and

bone as does the sap between the bark and wood of a tree, from

bottom to the top, or the root to the branches. The periosteum

from which the surface of the bone is regenerated is nourished

by bloodvessels from all sides, which are not cut off by the band,

and the marrow is nourished by the branches of the nutrient

artery, which, as it is protected by bony walls, is not compressed

or cut off by the band. None of my children who have had

their femurs encircled by bands have suffered subsequent frac-

ture, and I am fortunate enough in one case to be able to present

an A-ray photograph (Fig. i) of a femur in a child, aged four

years, about which a band was placed two years ago. The

picture shows the femur slightly widened at this point, and the

band included in the shaft of the bone which has grown over it.

In time it must happen that the band is shut up or enclosed in

the bone, and how it can cause irritation when firmly fixed in

rigid tissue is difficult to see.

The question may fairly be asked why we have not under-

taken the inlay bone-graft method in these fractures in order

to do awa}' with foreign bodies and employ nothing but normal

bone tissue for fixation. The answer is that we have felt that

in fractured femurs the muscle wound is necessarily so deep that

it would be a difficult job to saw out the graft, and that the

use of the band is so simple and easy as compared with the

other that in fresh fractures one would hardly be justified in

employing the latter method. The inlay bone graft, also, is

obviously much better adapted to transverse than oblique

fractures.



LUND: PARHAM AND MARTIN BAND IN OBLIQUE FRACTURES 43

1

Fresh cases of fracture of the tibia, if transverse, can usually

be brought into apposition without operation. In fact, they

are usually the result of direct violence applied in a transverse

direction and the fibula keeps them in place. In the much
commoner spiral fracture the line of the fracture does not favor

the inlay graft, while the band holds the surfaces in perfect

apposition and must give a firmer support than would the inlay

graft. An inlay graft would obviously be much easier to saw

out in the subcutaneous surface of the tibia than in the femur.

The non-operative treatment in spiral fracture of the tibia

never adequately gets the ends in apposition, and there is always

at least an inch of shortening. The results of the band treatment.

it seems to me, leave little to be desired, as the bone is restored

practically to its normal contour.

When plates are applied to the subcutaneous surface of the

tibia, they usually have to be removed, as they are placed so

superficially beneath the skin that they ulcerate through by

pressure. Bands, however, on the tibia rarely have to be removed.

The bands are applied as follows: a longitudinal incision

through the skin, fascia lata, and muscle exposes the fracture,

which is cleared of periosteum, reduced by extension and man-

ipulation with the heavy Lane forceps in the usual way. Then

the periosteum is cleaned from the bone around the central

point of the line of fracture, the Duflf instrument passed around

the bone and the band caught by the hook in the end and drawn

around. The end is then threaded through the slot, the hole

caught in the pin. and the' screw turned until the band tightly

encircles the bone. The band is then bent sharply back by

depressing the handle of the instrument and the instrument

freed and removed. The band is then cut off close to the slot

with wire cutters and the end hammered down. The fascia

lata is closed with a continuous catgut suture and the skin with

silkworm gut without drainage; smoothly applied sterile gauze

and wadding and bandage; plaster-of-Paris spica to thigh. The

bandage should extend from the toes to above the knee in case

of fractured tibia.
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Six weeks in plaster for adult thigh and four weeks for a tibia.

Stitches removed in ten days through a window cut in the plas-

ter. On removal of the plaster of Paris, union is usually com-

plete. In femur cases the patient is kept in bed one week with

the plaster off and then gets up on crutches. There is usually

some temporary edema on removal of the plaster of Paris.

Sepsis ought never to occur and may of course be insured

against by adequate technic. If it does occur the wound must

be opened, washed out, and drained, but it may not be neces-

sary to remove the band for four to six weeks, by which time

bony union is complete. Infection may result in bad adhesion

of the muscles to the bone and in stiffness of the knee. It is a

very serious matter and a reproach to the surgeon or hospital

where it occurs.

Since January i, 1914, 1 have used the bands in 14 cases of frac-

ture of the femur and the Lane plates in 7, showing that in 66

per cent, of our operative femurs the bands can be used. Since

January, 191 1, I have plated 30 femurs. I have used the bands

9 times in oblique fractures of the tibia and have not used the

plates at all for the tibia since we had the bands. I had pre-

viously used the plates for 13 tibias. I have seldom used the bands

for the forearm bones, fractures of which, 16 in number, I have

subjected to open operation since 191 1 : 11 were plated, i banded,

I sutured (olecranon), 2 open reductions, and i bone graft.

The figures which follow have been chosen to illustrate cases

suitable for treatment by the bands, cases in which it would be

difficult to get good and quick results by so-called conservative

treatment. Note especially Fig. 3. A and B. and Fig. 4, A and

B, in both of which a good and quick result was attained.

As a result of this experience and the observation of the cases

of my colleagues, I believe that the Parham and Martin band

is of very valuable assistance in the treatment of many difficult

fractures, and I wish to express my debt to the distinguished

inventors, and to say that it is not the only one of their con-

tributions to surgery which has been of advantage to mc in my
work.
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DISCUSSION

Dr. F. W. Parham, New Orleans.

Dr. Cotton wrote me a while ago that he had some difficulty in

applying this apparatus because the little pin would either straighten

or break, which would interfere with the tightening of the band. I

therefore have had a modification made in the form of a triangular pin

with a hole in it, and a sHt instead of a pulley is made in the band so

that it makes it very easy to keep on and the pin is not in danger of

breaking. If there is any danger of slipping I have a wire for running

through the hole in the pin after adjusting the band.

I am extremely obliged to Dr. Lund for carrying this method
somewhat further in the demonstration of its usefulness than I have
been able to do because of the lack of cases. I remember one case

in which Dr. Martin put on the band, the man became deUrious the

follo\nng night and walked about without disturbing the position of

the fragments held by the band. I wish to state that the idea of this

apparatus was suggested by Mr. Milne, who presented a device for

the purpose at the meeting of the Southern Surgical and Gynecological

Association in December, 1913. It can be used in transverse fracture

by the addition of a plate of metal. Or you can put on two plates

without any screws about the band or two bands around.

There is also a little apparatus which facilitates the introduction

of the band around the bone. It is like a large aneurysm needle.

Mr. Milne's device was shown at Muq^hy's clinic also and cuts are

are to be found in the Aj)ril, 19 14, Clinics. The Parham and Martin
apparatus was worked out conjointly by Dr. E. D. Martin and myself.

A very similar device is shown in the Clinica Chirurgica of June, 1914,

by Putti, but I believe it is more complicated than that now used by
Dr. Lund with such good results.

Dr. John Bapst Blake, Boston.

I have used the band in a considerable number of cases, usually

obUque fractures of femur or tibia. In high fractures of the femur in

adults in which the iliopsoas pulls the upper fragment forward, it

is wise to use two bands instead of one. After securing admirable

position in a difficult case of this character, I had the misfortune of

having the band slip with disastrous results. In one instance I have
used a band and a plate, securing the plate under the Ijand. In spite

of Dr. Lund's experience, I still feel that it is better not to use the

band for fractures of the femur in children, that is, in cases in which

the femur is growing both in length and circumference.

Am Surg 28



THE TR.\XSPLANTATION OF FREE FLAPS OF FAT

A REPORT OF THE RESULTS OBTAINED IN ATTEMPTS TO PREVENT

ADHESIONS ANT) CONTRACTURES ABOUT TENTDONS. NERVES,

BLOODVESSELS, ANT) JOINTS; TO FAVOR REPAIR ANT) TO

LESSEN DEFORr^IITY

5y ALLEX B. KAXAVEL, ^I.D.

CHICAGO

The accompanying contribution presents the results obtained

by the transplantation of free flaps of fat in an endeavor ta

prevent the development of scar tissue about tendons, nerves,

and bloodvessels, and to restore mobihty to scar tissue and

joints. It is now five years since some of the patients were

operated upon and it is thought that a resume of the results

actually obtained by the author might be of value. Thirty-two-

patients had been operated upon previous to the year 19 16.

The details of various cases are not presented except insofar

as is necessary to emphasize the individual points. WTiere

pictures could be obtained that would demonstrate the results,.

they are presented. Naturally the earher cases operated upon

show less favorable results than those dealt \\ith after the

technic was developed.

The fat was generally obtained from the abdominal wall,,

although if the patient were excessively obese or if the fascia

lata was transplanted simultaneously the leg was found

preferable.

The thickness of the flaps varied from one-fourlh inch to one

inch and cither seemed to live without difticultv if the held was



kaxavel: tr.\xsplaxtatiox of free flaps of fat 435

aseptic, and in two instances the transplants have persisted

in spite of infection; once when the primary wound became

infected, and in a second instance when the fat was transplanted

into an infected area.

Where possible no sutures were used to retain the flap in posi-

tion and care was taken to prevent the development of a hema-

toma in the field.

traxsplaxtation of fat tntto cicatrices to soften them,

restore mobility, axt) repair deformity

Four cases have come under my observation in which this

procedure was available. The photographs here presented of a

patient, Wesley Memorial Hospital Xo. 47,223 (Fig. i), illustrate

the general t^-pe of these cases and the results to be obtained.

The patient had suffered a burn of the face in childhood which

resulted in a severe scar-tissue contraction of the lower part of

his face and the neck. As a consequence the lower lip was everted

and drawn down so that the lower teeth could be covered only

by the upper lip and the saliva constantly drooled from the

mouth. The lower lip and the adjacent tissue on the chin and

under the jaw were of board-like rigidity. Two operations were

performed. At the first a A-shaped incision was made from the

point of the chin downward. The entire lower portion of the face

including the shriveled lower lip and adjacent tissue was mobilized.

This allowed the cicatricial lower lip to be raised so as to cover

the teeth, but it was still everted and immobile. Consequently,

at a second operation, a small V-shaped incision was made begin-

ning one inch from the free border of the Up and in the median

line and going upward for one-half inch. With a small scalpel

the scar tissue was undercut in all directions for the distance of

about an inch, and a flap of fat one-half inch in thickness was

transplanted from the abdomen and the wound sewed in Y-shapc.

thus correcting the eversion of the lip. The result was astonish-

ingly satisfactory. The entire lip became mobile; was greatly

softened; and, as can be seen by the photograph, is cosmetically
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satisfactory. The pictures were taken two years after tlie second

operation at which time there was no evident absorption of the

fat; moreover, at the end of the first year a sUght incision was

made at one corner to raise the angle of the mouth slightly and

fat Vv'as found in the area to which fat had been transplanted

and it was assumed that this was the same fat previously placed

there. Unfortunately no photograph was secured before the

operation. The accompanying photograph showing the lip

turned down and everted by the tenacula represents an endeavor

to simulate the deformitv.

Fig. I.—Wesley Memorial Hospital Xo. 47,223. Photograph showing

result of fat transplant into scar. Photograph on the left shows attempt to

represent the deformit\^ since unfortunately no photograph was taken previous

to the operation.

A second case (Wesley Memorial Hospital No. 50,675) was

operated upon for a very similar deformity, except that in this

case the lower lip was destroyed by a caustic as a part of a pro-

cedure to remove an epithelioma by a so-called cancer specialist.

The fat has also remained in this lip but it is too early for a final

report. In two other cases fat was transplanted into scar tissue,

once to relieve a marked dimpling of the cheek due to a previous

scar with contracture and. again, into an extensive cicatrLx over

the buttocks which was so extensive as to render plastic covering

by skin most difficult. The first was inserted from a small

buttonhole incision above the hair-line and was entirely success-

ful. The latter case was not so successful in that the scar broke
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down at one place and necessitated much after-treatment; a

result, I fear, due to technical faults in the operation and not to

inherent defects in the procedure. In time healing took place

with some improvement but the case was not so successful as

the others.

TRANSPLATATIOX OF FAT ABOUT VESSELS TO PREVENT EDEMA.

FROM CICATRICL\L C0XTR.ACT10N

Four cases fall into this group. In three cases fat was trans-

planted about the vessels which had been dissected out in

radical operations for carcinoma of the breast and once after a

radical dissection of the inguinal region for metastatic melano-

sarcoma. The results in one of the breast cases and the inguinal

dissection was all that could be desired, but in the remaining

two breast cases the result was not satisfactory.

It had been my custom to leave a three-inch slump of the pec-

torahs major to cover the vessels after the method described

by Dr. Murphy, but the anatomical proof of the possibility of

carcinomatous metastasis here seemed to demand some method

free from this possibiUty, in spite of the fact that such a result

had not happened in my limited experience.

In the first case, Wesley Memorial Hospital Xo. 44,281

(Fig. 2), a flap of fat three inches in diameter, four inches in length,

and one inch thick was taken from the abdomen, laid over the

vessels, and sutured in position by four light catgut sutures, and

the wound closed in the usual manner. The healing was satis-

factory, no edema developed, and now, after two years, examina-

tion discloses a fair amount of the fat still in position. There is

surely no evidence of cicatricial contraction.

The second case (Wesley Memorial Hospital No. 47.377) in

which the transplant was used by the same technic, the

wound became infected and the fat was extruded by the end of

ten days. The technic was no different than in other cases and
while infection is always possible it seemed to me that the result

was in some measure favored by the transplant.
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However, a third case (Wesley Memorial Hospital No. 47,553)

was treated in like manner. Here a low-grade infection developed

after some days, and while the flap did not slough out en masse

there was a constant discharge of fatty serum which doubtless

ultimately removed the efficient part of my transplant.

Again, it seemed to me that the transplant was a source of

difficulty and no more cases were subjected to this technic. It

may be that if smaller or thinner flaps had been used the result

might have been different, but it would seem that a transplant

Fig. 2.—Wesley Memorial Hospital \o. 44,281. Photograph showing

result of transplant of fat about vessels and nerves after radical operation for

carcinoma of the breast. Picture taken seventeen days after operation.

Note free motion and fulness over vessels.

into such a large wound in which some bacteria are surely

always deposited is attended with considerable risk, since it is

the common experience that such cases almost always heal

without infection if performed after the usual technic. In fair-

ness to the procedure it should be noted that four successful

cases of transplantation of fat under the skin following breast

amputation have been reported from Klapp's Clinic; Judd and

Czerny also report cases.

The dissection of the inguinal region (Wesley Memorial Hos-

pital No. 51,456) with subsequent transplantation of fat over the
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femoral vessels was one in which an extensive dissection was

done; the inguinal region stripped clean. Poupart's ligament

cut; and the iliac and adjacent pelvic glands and fat removed.

A flap of fascia lata with a large flap of fat attached was trans-

planted. The fascia lata reinforced the cut Poupart's ligament

and the fat flap covered the vessels and nerve. The wound

healed without reaction and no bad eft'ects have been noted after

one year of observation.

transplants about nerves to pre\'ent scar-tissue con-

traction AND FAVOR REPAIR

My personal experience falls into two groups. The first,

those cases presenting themselves with a severed nerve with or

without previous local infection, and the second, those cases in

which the nerve was dissected out of scar tissue incident to the

attempt to relieve old contraction following antecedent infections.

The second group, comprising four cases, will be considered

later under "Contractures following Infections." The first

group comprises five cases.

Case i.—Cook County Hospital No. 515,698 was operated

upon in July, 19 13. The patient had suffered from an incised

wound above the elbow of the left arm three weeks before being

admitted to my service and presented anesthesia over the area

of ulnar sensory distribution and a paralysis of the muscles

suppHed by the nerve. After waiting ten days to allow the local

infection which was present to be eradicated, the nerve was

dissected out of the scar tissue and united by perineal fine silk

suture. A pedicle of fat was dissected from the adjacent flexor

surface and wrapped about the nerve, being held in position by

41 fine silk suture.

The tissue contained little fat and I fear did not give as satis-

factory a bed as would have been secured by a free transplant.

However, the wound healed without infection and upon examina-

tion (April, 19 16) presented fully 90 per cent, of sensation over

the entire area of ulnar sensory distribution. The patient rec-
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ognized a light touch of cotton everywhere but at times said,

"It feels queer." The skin had the normal color and tone.

Adduction of the thumb was perfect. There was no evidence

of paralysis of the nerve except that the little finger lumbrical

seemed to be impaired in its function (see Fig. 3). There was

no evidence of muscular loss in the interossei, although the inter-

osseous spaces seemed less full than those of the other hand.

Fig. 3.—Cook County Hospital Xo. 515,698. Result three years after free

transplant of fat about ulnar nerv^e suture.

Case 2.—Wesley Memorial Hospital Xo. 27,831. This patient

suffered a fracture of the right elbow in 1912 and following the

injury, paralysis of the ulnar was present. The nerve was dis-

sected from the scar three months after the injury and wrapped

in a free transplant of fat from the abdomen. The patient has

not been examined by myself but reported in 19 14 that the hand

was perfect in function and sensation. He was a college student

and the report would seem to be rehable.

Case 3.—Wesley Memorial Hospital Xo. 50,268 (Fig. 4).

This patient was injured in a sawmill. The entire flexor group

of tendons and the median and ulnar nerve were severed at the

lower third of the arm. At the time of the accident three deep

sutures were used to close the wound, no attempt being made
at union of the tendons or nerves. Severe infection ensued.

Six months after the injury the patient presented the atrophic
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and immobile hand characteristic of this condition. The nerves

and tendons were dissected free and the tendons united in the

usual manner by silk. The ends of the ulnar nerve after being

freed could be approximated and were sutured by a perineal

silk suture. In the case of the median ner^-e. however, even after

freeing the ends for some distance, there was still a separation

Fig. 4.—Wesley Memorial Hospital Xo. 50,268. Photograph sixteen

months after suture of ulnar and median nerves and all the flexor tendons of

the forearm with fat transplant. Operation six months after injurv'.

of one and a half inches. A vein was removed from the leg and

through it were drawn several strands of fine silk uniting the

two ends of the nerve, the vein enveloping the ends of the nerve

as well as the silk. Fat was dissected from the abdomen and one

flap one-quarter inch by two inches by three inches placed under

the flexor profundus tendons, a flap of similar size was wrapped
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about the two nerves, thus separating the flexor subHmis and

flexor profundus tendons. No flap was placed superficially.

The skin was closed by clips. The wound healed without infec-

tion and the patient left the hospital in two weeks. I have not

been able to examine this case myself, but a physician of his

town who examined him at my request sixteen months after the

repair, writes me that the result is entirely satisfactory; sensa-

tion is present and while the hand is somewhat weak he is using

it every day as a mill hand. The photograph (Fig. 4) shows the

result at this time.

Case 4.—Wesley ^Memorial Hospital Xo. 50.951. This patient

has not been under observation long enough to give a satisfactory

statement as to his final result. Careful observation is being

made, however, and since he is under constant observation the

final report should be reliable. In many ways it is worthy of

study. He received a cut upon his wrist nine years before

presenting himself. Examination showed a complete loss of

sensation over the distribution of the median nerve below the

injury. The distal phalanges of the index and middle fingers

are atrophic and show scars of many injuries and burns. The

thumb cannot be abducted; nor can the distal phalanx of the

thumb be flexed. Operation showed that the stump of the

flexor longus pollicis had been united to the end of the median

nerve.

The nerve and the tendons were sutured by the ordinary

technic and a free transplant of fat from the abdomen wrapped

about the nerves and tendons. The fat remained in situ wdth

no infection, but one month after leaving the hospital a small

sinus appeared and persisted until one of the silk sutures was

removed under a local anesthetic. This evidently came from the

tendon of the flexor longus pollicis since that tendon draws upon

the scar when it functionates. The result after one year is shown

in the illustration (Fig. 5). It will be seen that the flexor longus

poUicis acts perfectly. There is still atrophy of the abductors

of the thumb but they seem to have some function. The sensa-

tion is certainlv returnins; over the median distribution. The
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fingers have lost their glossy look and the patient can appreciate

the faintest touch with cotton in some areas; in others improve-

ment is evident.

The suture of the median nerve to a tendon is a very common
mistake apparently. I have found this in four cases of secondary

operation in my service. One of the cases, not reported here

since it has not been observed long enough to be of value in this

report, presented two distal tendon ends sutured to the median

nerve.

Fig. 5.—Wesley Memorial Hospital Xo. 50,951. Photograph one year

after suture of median ner\'e and tendon of flexor longus pollicis with fat

transplant. Operation nine years after iniur}^

Case 5.—Cook County Hospital Xo. 547,415 (Fig. 6). The

patient presented an incised infected wound above the left elbow.

After the infection disappeared the ulnar, median, and musculo-

cutaneous nerves were cut at the primary operation, the ulnar

being dislocated from behind the internal condyle to the front

of the forearm. Fat was transplanted and the wound healed

without infection. After one year the patient was sought out

and the area of distribution of the ulnar and musculocutaneous
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nerves was found to have perfect innervation, but it was now
discovered that the median had been cut at the injury and had

not been discovered owing to the scar tissue. This most

embarrassing and culpable mistake was corrected by a second

operation one year after the injury and fat transplanted about

that nerve. The second operation gave us an opportunity to

observe the condition about the nerves sutured at the previous

operation and the presence of a loose fatty tissue about the

Fig. 6.—Cook County Hospital No. 547,415. Photograph one year after

suture of ulnar and musculocutaneous nerves with transplant, median nerve

sutured at time photograph was taken, so no result of this shown.

nerves was demonstrated to those present. There had un-

doubtedly been some absorption of the fat, but enough had

been preserved to fully answer the purpose. Time enough has.

not elapsed to speak of the result of the second operation, but

the result as it now stands shows perfect regeneration of the

ulnar and musculocutaneous. The illustrations presented show

the function.

In reviewing these nerve cases no attempt has been made to

present a complete report. This will be done in a subsequent
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report dealing with all of the nerve suture cases coming under my
observation. It is apparent from the statistics reported here that

fat can be transplanted about nerves with safety- The fat

stays in place and apparently persists in part. At least it surely

prevents severe scar tissue contraction and apparently is a

valuable adjuvant in repairing nerve injuries.

tr.a.nsplantation of free flaps of fat about cut tendons

after suture

Two patients in whom tendons were sutured have been reported

in the section above dealing with repair of the nerves. The

results in both instances were entirely satisfactory. In three

other cases without nerve injury a similar tcchnic was used with

perfect result. Two of these are worthy of brief niention.

Case No. 36,928, Wesley Memorial Hospital, presented him-

self one month after injury to the distal portion of the ulnar part

of the palm. The infection which ensued had disappeared upon

entrance. Both the superficial and deep tendons of the left

ring and Uttle finger were found to be cut and imbedded in scar

tissue. They were dissected out and united end to end, fat being

transplanted to wrap about them. There was no infection of

the wound. After two years the tissue of the palm is soft and

function is perfect, as will be seen by the accompanying photo-

graph (Fig. 7).

The other case, Wesley Memorial Hospital No. 58,545 (Fig. 8),

presented herself one year after an attempt had been made out

of the city to repair a cut tendon of the fle.xor profundus of the

index finger. The result had not been satisfactory. The function

of the flexor profundus was absent. Operation disclosed that the

upper end had retracted into the palm and that the synovial

sheath was obliterated. An opening was made down to the distal

stump along the flexor surface of the middle phalanx. A forceps

then grooved a canal through the attachment of the flexor

sublimis down to the proximal end. An opening through the

sheath here allowed one to fasten this end to a prol)e and thus
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draw it through the improvised canal and unite it to the distal

part. A free transplant of fat from the abdominal wall was then

Fig. 7.—Wesley Memorial Hospital Xo. 36,928. Photograph taken two

years after operation with fat transplant showing result of suture of both

superficial and deep flexors of little and ring fingers. Infection had followed

primarj' injury. Operation one month after iniur3\

drawn about the tendon in the canal and the line of suture.

That this can be done and the fat not be extruded is shown

Fig. 8.—Wesley Memorial Hospital Xo. 58,545. Photograph taken nine days

after suture of old cut tendon of index finger with fat transplant.

by the photograph of the patient's hand,

has elapsed to speak of the ultimate result.

Too short a time
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The result in these cases prove conclusively that fat can be

transplanted in these cases without losing the fat, that it appar-

ently persists in part at least, and certainly prevents adhesions

that might interfere with separate functions of the difTerent

tendons. It is to be regretted that only one case has been

observed in which an attempt was made to produce function

along the sheath in the finger and that this has not been observed

long enough to speak of the result. In general, however, my expe-

rience has been so satisfactory that I shall transplant fat in every

case where adhesions about such tendon suture is to be feared.

TR.\XSPLAXTATION OF FREE FLAPS OF FAT IXTO JOIXTS

My experience here falls into two groups: (i) cases presenting

tuberculosis of the joint, and (2) ankylosis following infection.

The first group presents two patients with tuberculosis of the

wrist-joint. Neither operation was a fair test of the possibihty

of the use of fat in these cases. The results, however, presented

certain valuable data.

The first case, Wesley Memorial Hospital Xo. 51,865, pre-

sented himself with tuberculosis of the right wrist-joint showing

considerable destruction of the carpal bones and the adjacent

articular surfaces. There was present a secondary purulent

infection with several sinuses discharging much pus. Without

being aware at the time of the previous work of Makkas it

occurred to me that possibly if the carpal bones were removed

and the cavity left filled with fat the absence of a cavity might

favor more rapid recovery. The joint was resected therefore,

and a free transplant of fat inserted in the cavity left after it had

been thoroughly painted with tincture of iodine. The w ound was

closed without drainage, the sinuses being curetted and left open.

The result may be summed up as follows: The fat was not

extruded. The sinuses continued to discharge for eight months

after the operation, now open and now- closed, and finally seemed

to be cured, the sinuses having remained closed now for six

months. The joint has a range of motion of about thirty

degrees. The fingers have not as yet recovered their function.
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It is evident that a linal report on this case cannot be made

at the present time but this much can be said, that fat can be

transplanted into such infected joints and not be lost 01 masse,

Fig. 9

"N

Fig. 10

Fig. 9.—Wesley Memorial Hospital Xo. 51,865. Result of transplant of

fat one year after operation with removal of carpal bones from a suppurating

tuberculous wrist-joint.

Fig. 10.—Cook County Hospital No. 577,953. Photograph eight months
after fat transplant with removal of tuberculous carpal bones from a suppurat-

ing wrist.

and that in this case it seemed to favor recovery. The illustration

(Fig. 9) shows the result after one year.

The second case, Cook County Hospital Xo. 577.953 (Fig. 10),
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exactly similar in character with profuse purulent discharge was

treated in a similar manner, and now after eight months is still

discharging and in the opinion of Dr. Jacobs, the orthopedist

in charge, and to whom I am indebted for the case, the course

has not been changed, although it is too early to speak of the

ultimate result.

As was stated above, these two cases are not a fair test of the

procedure in tuberculous cases. ]Makkas reports two cases and

other authors a few more in which the fat transplant was made
with good results into resected tuberculous joints and bones

which were not the seat of secondary infection. The field would

seem a worthy one for further investigation as to the methods of

resection, the best field for the transplant, and the tjqpes of cases

in which it may be of benefit.

In relation to the transplantation of fat into infected areas,

Rehn reports an interesting case in which he used a free transplant

of fat to bridge a defect in a urethra. The fat remained in this

infected field, although the patient had an infected bladder and

a perineal fistula developed and did not heal for some time.

The second group, the transplantation of fat into resected

ankylosed joints, has in my hands been restricted to resection of

the wrist-joint ankylosed as a result of arthritis accompanying

severe infections in the hand. These cases are spoken of later

under that caption. The results ma\' be summoned up as follows:

Where the ankylosis has been little complicated the results have

been satisfactory, but as time has gone by some absorption of

the fat is evident so that from my observation if the joint resected

were adjacent to a muscle flap this would seem to be preferable.

If, however, the joint does not have such contiguous tissue, fat

can be transplanted with assurance that it will not be extruded

and will give a fairly satisfactory result. On the other hand,

if the ankylosis is compUcated with scar-tissue contraction of the

structures about the joint, the result is naturally affected, but

in none of my cases has the ankylosis recurred and in all but one

the range of motion, as will be seen by the illustrations (Figs. 14

to 16), was from twenty-five to forty-five degrees, entirely satis-

Am Surg 29
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factory under the circumstances. In the case spoken of (as

presenting an unsatisfactory resuh) only one row of carpal bones

was removed. In all the other cases both rows of bones were

removed.

TR.AXSPLAXTATIOX OF FAT IXTO BRAIX DEFECTS

In two cases of traumatic epilepsy, fat transplants have been

used. In neither has the result to date been entirely satisfactory.

One, Wesley Memorial Hospital No. 46,439 (Fig. 11), was lost

to observation after one month. He had had one cons'ulsion

Fig. II Fig. 12

Fig. II.—Wesley :Memorial Hospital Xo. 46439. Photograph of patient

one month after transplant of fat in traumatic epilepsy.

Fig. 12.—Wesley Memorial Hospital No. 57,355. Photograph two weeks

after transplant of fat in traumatic epilepsy.

during that time. The second case, Wesley ^Memorial Hospital

No. 57,355 (Fig. 12), was operated upon six months ago and he

has had three convulsions in that period, all occurring in two days

at the end of three months. ^Manifestly, he had not been observed

long enough to give any definite data. However, it may be said

safely that the fat heals in without any apparent irritation.

Both of these pads of fat were about one inch in thickness and

two inches square. Lexer, Rehn, and others report successful

cases. I am now^ engaged in further e.xperimental investigation

in this field.
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transplaxtatiox ixto defects of boxe

Here three groups of cases should be considered:

The first, tuberculous cavities in bones. One such case has

been operated upon (Wesley Memorial Hospital No. 51,459),

The patient presented a tuberculosis of the costochrondral junc-

tion of three ribs on the left side. The cartilage and bones were

removed and fat transplanted. In the ensuing infection the fat

was extruded in droplets and apparently did no good.

The second, non-tuberculous osteomyelitis. In spite of good

results reported by others my two cases lost the fat in droplets

and it seemed to have no beneficial effects, so that the procedure

was abandoned in favor of muscle flaps.

The third group, osteitis fibrosa cystica. One such case (Cook

County Hospital No. 435,688) was operated upon, the cyst

curetted out, a fat transplant inserted, and the wound closed.

The wound healed without drainage and the .v-ray picture seemed

to show that calcium salts were deposited in the wall of the cyst.

Clinically, the leg became strong enough to support the body

weight. Just what process ensued in the area is not exactly

clear, but in a similar case I would try the same procedure.

FAT TRAXSPLAXT.A.TIONS IN CGNTR-ACTURES OF THE HAXT>

FOLLOWING INFECTIONS

Here the transplantation of fat in the treatment of these cases

will be considered with no attempt to take up the various sup-

plementary procedures used. ^Moreover, only the most severe

tj'pes will be considered. Photographs will be presented of 5

cases (Wesley Memorial Hospital Nos. 44,483, 42,049, 42,956^

41,261 and 50,332). Other cases have been operated upon but

have not been observed long enough to give absolute data. The
pictures will be presented with a composite description of the

pathology and results to be obtained. The cases all presented

the contracture and ankylosis incident to a combined ulnar

and radial bursal infection with a complicating infection of the
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Fig. 13, A.—Wesley Memorial Hospital No. 44483. Patient had a

severe burn with infection and slough of palmar fascia. Infection of ulnar and

radial bursae. Fingers absolutely immobile. No ankylosis of wrist. Injury

twelve years previous to operation.

Fig. 13, B.—Hand inserted into fat umlcr skin.
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connective-tissue spaces of the hand and forearm and an anky-

losis of the wrist-joint. In these cases the typical useless, immo-

bile claw-hand is seen.

One who has not operated upon severe cases can hardly

realize the extent of the destruction of tissue and the distortion

of the anatomical structures found as a result of the infection.

In those cases in which the tendon sheaths are involved—and

these are by all odds the most serious t^-pe one finds—the synovial

sheath is entirely obliterated; the endothelial hning is entirely

lost; there is a complete fibrous union between the tendon and

Fig. 13, C.—Result two years after operation.

its sheath throughout its extent, and, incident to the flexed

position of the hand and the changes characteristic of all connec-

tive tissue, the tendons have been shortened. At the wrist under

the anterior annular ligament, the ulnar and radial bursx and

the intermediate sheaths are completely obliterated and the

majority of the tendons are indistinguishable as tendons from the

surrounding connective tissue. A few of the superficial flexor

tendons may be dissected out from this scar tissue and recognized.

The flexors of the little finger are frequently completely lost and

the same holds true of the flexor of the thumb. The anterior
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annular ligament is involved in the connective-tissue formation.

In the palm, the tendons of the index, middle, and ring fingers

Fig. 14, A

.

—Wesley Memorial Hospital Xo. 42,049. Crushing injury,

slough of all skin on forearm, neglected ulnar and radial bursal infection.

With loss of tendons and destruction of wrist-joint. Pictures show entire

range of motion.

Fig. 14, B.—Result after one year fat transplant and skin transplant.

may frequently be isolated and less often those of the little finger

and thumb. On the dorsum, particularly if ill-advised incisions
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have been made here, the tendons are a part of the connective-

tissue mass, although more easily dissected out than those upon

Fig. 15, A

.

—Wesley Memorial Hospital \o. 42,956. Neglected ulnar and
radial bursal infection with destruction of tendons, etc., osteomyelitis of carpal

hones with osseous ankylosis. Picture shows entire range of motion.

Fig. 15, B.—Result sixteen months after fat transplant.

the flexor surface. In the forearm, connective-tissue contraction

has taken place about the median and ulnar nerves and the ulnar

artery, compressing them and binding the muscles together.
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Fig. 16, A.—Wesley Memorial Hospital No. 50,332. Osseous ankylosis

of wrist-joint with atrophy and immobility following ulnar and radial bursal

infection with extensions. Picture shows entire range of motion.

'^

Fig 16, B.—Result two years after fat transplant.
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Moreover, the tendons above the wrist-joint and the deep

flexor muscles are united by firm connective-tissue bands to

the pronator quadratus and the interosseous septum.

Joint changes have also occurred. These are noticeable in

the interphalangeal, metacarpophalangeal, and wrist-joints.

Owing to the inflammation about the phalangeal joints, they are

rather firmly fixed in flexion while the metacarpophalangeal

joints are generally fixed in overextension, with periarticular

contraction and intra-articular adhesions, frequently not insur-

mountable but difficult to deal with. At the wrist-joint in the

severest cases, considerable destruction of the carpal bones may
have occurred, ending in ankylosis of the joint, often in bizarre

Fig. i6, C.—Result two years after fat transplant.

positions. It is not particularly common to find osteomyelitis

except in the proximal interphalangeal joint and in the wrist-

joint, but it may occur in the other bones.

The muscles have also undergone change. Those in the fore-

arm have lost their tone and, although active, arc impaired.

The most unfortunate sequela, however, is that produced in the

lumbrical and interosseous muscles. These are frequently

entirely destroyed, due either to inflammation, destruction of

innervation, or a lack of blood supply. The nerves have also

partaken of the general devastation owing to the direct spread of

the infection from the hand into the forearm along both the

median and ulnar nerves. The nerves are surrounded bv con-
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nective tissue and their vitality and function impaired. In the

carpal canal it is frequently impossible without the greatest care

^i
Fig. 17.—Wesley Memorial Hospital No. 41,261. Photograph taken one

week after transplant of fat for ulnar bursal infection with fibrous ankylosis

of tendons, fibrous adhesions in palm and on dorsum, but no wrist ank\'losis

or serious impairment of flexor longus pollicis.

Fig. 18.—Photograph of result two years after transplantation of fat for

ulnar and radial bursal infection.

to distinguish the nerves from the surrounding scar tissue of the

tendons. If there has been pus in the middle palmar and thenar
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spaces, the digital branches of the nerves have also been pressed

upon; the bloodvessels have suffered in the general connective-

tissue contraction; the skin is glossy and shows the eft'ect of a

lack of both nerve and blood supply. The pathological picture,

therefore, is one of destruction of nerve and blood supply with

massive connective-tissue contraction about structures that

have a most delicate function.

As to the chnical appearance, one sees a glossy skin ^^'ith

atrophied hxpothenar, thenar, and forearm muscles and shrunken

intermetacarpal spaces, the thumb frequently abducted and fixed,

the fingers flexed upon themselves and extended on the hand,

with fibrous ankylosis of the finger-joints, and frequently osseous

ankylosis at the wrist-joint producing an immobile, shrunken

claw-hand, absolutely functionless and useless. Moreover,

owing to the poor nerve and blood supply, the hand is often the

seat of ulcers, frost-bites, and inadvertent burns. We have here

drawn the picture of the worst type seen in these cases, that

produced particularly by neglected ulnar and racUal bursal

infections in which the pus has been allowed to rupture into the

forearm and frequently into the palm of the hand and the wrist-

joint. Those cases in which the bursae are opened promptly end

frequently with contracture of the little finger but a fairly

satisfactory result as far as function in the hand as a whole is

concerned.

Patients presenting themselves have generally had their

infections some months or years before and have tried all manner

of massage without benefit. Indeed, in view of the pathological

picture presented in these cases, it would be most remarkable

if by such procedures one could produce any result.

For a number of years a study has been carried on in these

cases with the hope that some surgical procedure might be devel-

oped that would oft'er relief to these sufferers. Owing to the fact

that it takes a comparatively long time to obtain results and that

not only must one correct the condition, but the muscle tissue,

nerves, and other structures must regenerate, it is difficult to

•determine what can be hoped for these cases. Moreover, owing
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to the fact that not much can be definitely promised, it has

seemed wise to restrict any procedures, which must of necessity

be more or less of an experimental nature, to those most serious

cases in which no function was present and in which no hope

could be oft'ered that the hand would be better ^^^thout some

intervention. As a result of this study, however, it would seem

justifiable to state that a considerable degree of function can be

secured in a great majority of these othenvise hopeless cases,

and in those less seriously involved where the patient has the

time and the desire to persevere much more can be secured.

If the operations are carefully performed, there will be a minimum

of danger of impairing what little function may be present.

In those cases in which the infection has been upon the dorsum

of the hand alone, incisions may be made to either side of the

inter^voven dorsal tendons, and a thin flap of fat inserted between

the tendons and the bone, and between the tendons and the

skin. This flap of fat should not be too thick, since it would

then be difficult to close the skin wound. If the technic is

properly carried out. such adhesions can be almost entirely

eradicated and a practically complete function restored. Where

we have midpalmar adhesions without an inflammation of the

tendon sheaths a Hke good result can generally be promised.

Here, however, the tendons, lumbrical muscles, the nerves, and

the bloodvessels, must be dissected out from the scar tissue with

the greatest of patience, and flaps of fat from some other portion

of the body transplanted both above and below the tendons.

Especial care should be exercised to dissect out the lumbrical

muscles. In fastening these flaps of fat about the muscles and

about the nerves and bloodvessels, the finest obtainable catgut

or silk is used and as few sutures as possible placed.

In those cases in which the tendon sheaths of the fingers have

been the source of infection and in which but one finger has been

involved, it would seem inadvisable in my experience to attempt

any method of restoration. The loss of one finger does not

incapacitate the patient and, moreover, in such cases, in which

I have attempted to reconstruct or restore the tendon, the result



kaxa\^l: transplantation of free flaps of fat 461

has been such a grotesque linger that, although some function

has been secured, the patient would have been better satisfied

without the finger than to have had the procedure carried out—

•

and in this judgment I have concurred. If some thin membrane

could be secured which could be wrapped around the tendon

or through which the tendon could grow and still preserve the

normal contour of the finger, we would even then have a contrac-

ture about the joint and in the joint which would seriously

interfere with proper function. However, this is a result to be

sought for.

It has been my experience to have several cases in which the

patient had an ankylosis of the wrist-joint with or without

inflammation of the tendons. In those cases in which the wrist-

joint is ankylosed. without serious inflammat'on of the tendons,

it has been possible to restore satisfactory function.

In the earl er cases it was my custom to remove but one row

of the carpal bones, but later experience has taught me that it is

wiser to remove the proximal and distal row and all the inter-

vening tissue. Into this excavated joint pads of fat have been

int oduced, taken from the abdomen or leg. It would seem to

be advisable to ovcrpack the joint but, on the other hand, it

should not be underfilled. Some care must be exercised not to

tear into the tendon sheaths in front if they have not been

involved in a previous infection. It has been possible to remove

the bones through a lateral dorsal incision at one side only. As
soon as the wound is healed, the patient is allowed to use the

hand as much as possible, and passive motion is begun, but no

violent tearing is indulged in. These cases have been by far the

most satisfactory that have come to me.

We now come to that t^-pe in which, while there has been a

tenosynovitis in the Httle linger and thumb with the radial and
ulnar bursae involved, there has not developed an abscess in

the palm of the hand, at least, not extensive enough to produce

secondary adhesions, and there is, consequently, a moderate

amount of function of the middle, index, and ring lingers. Every
gradation of function may here be seen. If the condition has been
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treated early 50 much function is secured in these lingers that any

operative procedure is inadvisable. The more serious t\'pes of

these gradually shade into the most serious t}^es of hand infec-

tion, presenting the contractions and adhesions I have described

above and with which I have had the larger part of my experience.

In these cases the patient must understand that at least two

operations will be necessary and probably three or four before

he can be discharged with a maximum amount of benefit. He
must understand that he will be under treatment for a number

of months, and he must also understand that the ultimate func-

tion to be obtained, while it may be fairly good, will never be

as satisfactory as before the infection.

If ankylosis of the wrist-joint is present, it is my habit at the

first operation to dissect out the tendons on the back of the hand,

open the wrist-joint, and remove the bones, transplant fat into

the joint about the tendons on the dorsum. The second operation

and by far the most difficult, is upon the flexor surface. A long

incision is made over the ulnar half of the palm of the hand

and onto the forearm. The anterior annular ligament is cut.

The first endeavor should be to find the median and ulnar nerves

in the forearm and trace them into the palm. In this step it is

my custom to use magnifying spectacles for I have found that

they are the only means by which I can surely identify the ner\'es

in a mass of scar tissue. These nerves are dissected out of their

surrounding tissues well down into the hand, the greatest care

being used to avoid cutting any of the branches in the palm.

This part of the procedure is of vital importance. Where blood-

vessels are met, especial care is taken to preserve them.

The tendons, as far as possible, are dissected out of the mass

of connective tissue. It is frequently necessary to use the con-

nective tissue itself as tendons, dissecting strands which, although

presenting no evidence of previous tendon function, will work

satisfactorily. Where the tendons are completely destroyed

and cannot be identified, and no connective tissue is left from

which to make them, strands of silk can be inserted, but this

contingency should be avoided if possible. The hook of the
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unciform may so interfere at times as to make its removal neces-

sary if it has not been removed during a previous operation on

the joint. The tendons are dissected down to the fingers and

flaps of fat, split in three layers if possible, are inserted; one layer

being under the tendons, one between the superficial and deep

tendons, and one above. It is generally impossible to do this

with as great attention to detail in protecting the individual

digital nerves as one could hope. Here again an attempt should

be made to preserve the lumbrical muscles if possible. The fat

pad should extend well into the forearm. The wounds are then

closed tightly. It is wise to draw attention to the necessity of

the most scrupulous care in our technic, since such long and

tedious dissection in tissue of low vitahty is especially favorable

to the development of infection.

As a final step in some, and as an individual step in other

cases, a resection of both the ulna and the radius, with the removal

of 3 or 4 centimeters, has aided materially in producing satisfac-

tory results. In some cases, however, this step will be of no

benefit; therefore it should not be resorted to without careful

study.

It has been my experience to treat some cases in which there

had been lacerated wounds of the hand and forearm with a

severing of nerves or tendons, followed by infection with con-

tracture of the hand as well as the forearm. Two of these cases

have also suft"ered from extensive destruction of palmar fascia

with infection. In these cases a transplant of skin as well as

fatty tissue is applied. In the palmar case the hand was inserted

into a pocket over the hip after the tendons had been dissected

out. The result was not particularly satisfactory, however,

until a subsequent operation in which I loosened the tendons

again and transplanted them into the fat which still remained

adherent to the transplanted flap. One error was made in this

case in that the portion of skin chosen had considerable hair

upon it, and, since the patient was a girl, it created some embar-

rassment, but after two or three years though the hair follicles

still developed hair, it was of such a fine character as to be of no

importance.
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Another fact that has been impressed upon me, not alone by

this case but by others of the same nature upon which I have

transplanted skin, is that the subcutaneous fat which I had

previously understood would be rapidly absorbed in the palmar

flap, remained for a number of years. In one of the forearm

cases, after the tendons and nerves were identified, sutured,

and isolated from the connective-tissue mass, a transverse incision

was made upon the abdomen with its convexity upward, and the

skin edge of the everted flap was sutured to the ulnar side of the

skin wound on the forearm. The subcutaneous fat was cut in

sheets parallel to the skin but left attached at the base and

wrapped about the tendons and nerves, the ends of the skin

flap being sutured to the caudal and cephalad ends of the forearm

wound. At a subsequent period the skin was detached from the

body and the cut edge sutured to the radial side of the wound.

This patient has suffered a most serious infection and had in

addition to the contracture of the hand, an ankylosis of the wrist-

joint. Reproduction of photographs of this patient are herewith

presented. The result, while not anatomically perfect and one

which I believe that now wdth my added experience could be

improved, is most satisfactory to the patient since he is able to

feed himself and use his hand in eating, working, and in all the

gross functions required.

Conclusions. Out of the T)2 cases here reported secondary

infection with loss of the fat did not occur except in 4 cases, viz.,

the breast cases, and here the result was probably due to the

nature of the operation and the large field, and the osteomye-

litis cases. Therefore it would seem safe to say that fat can be

transplanted into any ordinary field with the assurance that it

will not act as a foreign body. Clinically, it would appear to

live and become a part of the structure in which it is placed.

It surely persists for many months and probably years.

Fat may be transplanted into small infected areas with some

degree of success, as is shown by the 2 cases reported. The fat

should not be packed too tightly into the field in which it is

placed.
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The author's results would seem to indicate that the greatest

value of fat transplantation is to be found in its use in plastic

operations to restore mobility and remove disfigurement, as a

protection to prevent contracture about vessels and nerves, and

to prevent adhesions about tendons and joints. Its use in tuber-

culous joints and bones is still a fruitful field of study, and the

same may be said of its use in traumatic epilepsy, although it

can be used safely to obliterate defects in brain tissue. In- the

author's hands its use in large, open, potentially infective areas,

such as breast amputations, etc., and in osteomyelitis has not

been satisfactorv.

Am Surg 30



DISLOCATION OF THE FIRST CERVICAL VERTEBRA,
UNILATERAL AND BACKWARD, PRODUCED

BY :manipulation

By a. F. JOXAS, M.D.
omaha, nebraska

The complicated construction of the spinal vertebrae makes

it impossible for the occurrence of a simple dislocation at any

point below the cervical, although the term dislocation, without

qualification, of the spinal segments in the dorsal or lumbar

is often used. All lesions in these regions are dislocations with

fracture of some part of the vertebra, therefore the term fracture-

dislocation is applicable to all of them.

On the other hand, all vertebra? above the level of the seventh

cervical, on account of the very much lessened obliquity of their

articular surfaces, their great mobility, and the absence of ribs,

admit of dislocations without fracture. Before the introduction

of the Roentgen rays the diagnosis of simple cervical dislocation

was more frequent than now. In our own experience, in the few

recent cases that we have seen, we have been obliged to modify

our clinical diagnosis of simple dislocation to fracture dislocation

when viewed with the Roentgen ray, so that it would seem that

a cervical displacement without fracture is not common. The

skiagram usually revealed a breaking otT of a fragment of a

transverse or spinous process or a part of an articular surface.

In one instance there was a fracture of a vertebral body. In

the writer's opinion one or more fractures take place more fre-

quently than is revealed even b}- a Roentgen-ray negative, for the

reason that the greater number of the skiagrams of the spinal
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column, in any region, are indistinct; in fact, in many instances,

the picture is more or less of a blur, giving the roentgenologist

an unlimited latitude for guesswork and speculation. It is

possible usually to determine that the bones are displaced, but

often there is not sufficient definition to determine the existence

of fracture. Therefore, the usual classifications found in text-

books need revision. As the Roentgen pictures have become more

accurate, the appelation of fracture-dislocation in injuries to

joints in every part of the body have become more frequent.

The practical bearing of this advance in diagnostic accuracy'

is so evident that it need not be discussed in this connection.

The majority of cervical dislocations take place in a forward

direction, and. if they do not cause instantaneous death, which

occurs in most of them, they produce cord lesions consisting

of more or less compression varying in degree from slight sensory

and motor disturbances to complete paralysis involving the four

extremities. A dislocation with or without fracture producing

no cord symptoms deserves to be recorded. The usual cause

is by direct or indirect violence, such as a fall on the head or a

blow in the neck or head, or a heavy object falling on the head

or neck.

The case to be introduced, at this time, is of some interest

because it was a dislocation without fracture as demonstrated

by a skiagram and an open operation; and. further, that it was

produced by manipulative effort used with therapeutic intent.

A. C, farmer, appeared on August 30, 1015, at my regular

afternoon consultation hour. He entered the consultation room

with his head dropped forward, face partly turned toward the

right side and his chin resting on his sternum. His eyebrows

were highly elevated. His neck seemed to be tixed, for he did

not make the slightest cervical rotation. As he sat down in a

chair and presented a lateral view, the upper end of the cervical

region projected sharply backward on the occiput. His appear-

ance suggested a destructive cervical spondylitis or an occipito-

cerxical neoplasm. He spoke with difficulty, for it was apparent

that he could separate his jaws only to a very limited extent.
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He stated that. he had not been able to turn nor raise his head

for more than a year, and that his condition was due to a treat-

ment that he had received at the hands of an osteopath. He had

gone to this practitioner to be treated for "generahzed rheu-

matism. " He had been placed on his back on an operating table,

and the treatment was conducted with vigorous and forcible

rotations of the head. The operator, while standing at the head

of the table, had grasped the patient's head with both hands,

one resting on either side of it; two lingers, the index and middle,

beneath each horizontal maxillary ramus, and while being held

thus his "head was twisted" from side to side, causing great

pain. He suddenly felt and heard a loud painful snap in the

back of his neck at the base of the skull, and his head became

fixed in the position described, and had remained thus to the

time of his visit. He stated that his condition had become un-

bearable on account of the pain in the back of his neck and occi-

put and his inabihty to separate his jaws enough to enable him

to eat or speak with freedom. He had an almost constant ver-

tical headache as well as pain in his neck since the accident.

Examination. Any attempt to rotate his head caused a

marked muscular spasm involving all the cervical muscles,

especially the trapezei and sternocleidomastoids. An osseous

projection was not only palpable but distinctly visible in the

occipitocervical space. This appeared to be a spinous process

belonging either to the first or second cervical vertebra. The

tip of the spine appeared to deviate to the left of the median

line. It was tender on pressure and caused him to flinch decid-

edly. An inspection and palpation of the pharynx disclosed

an irregularity and tenderness at the naso-pharyngeal junction.

It was evident that we had to deal with a luxated cervical

vertebra, probably the first one, the atlas. There had been no

cord pressure symptoms, except for an occasional tingling of

short duration in both arms and hands. There had been no

motor disturbances, all reflexes were normal, and a careful

search for sensory changes proved negative. A skiagram present-

ing a lateral view of the cervical spine, revealed a rctrodisplace-
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merit of the atlas. The space between the posterior margin of

the foramen magnum and the first cervical spine was clearly

increased. The condition was not clear on first inspection

owing to the fact that the spine of the second cervical vertebra

is much larger and longer under normal conditions than the first,

in fact, the latter usually being absent and is rudimentary, and

the further fact that a dislocation at this point without a frac-

ture of a transverse or articular process of the axis and an absence

of cord lesion is improbable. Therefore, we evidently had to deal

with a slipping forward of the head on the atlas, involving the

occipito-atlantal articulation. The occipital condyle, probably

the left one, had slipped forward so that it rested in front of the

margin of the left superior articular surface of the atlas, causing

a fixed anterolateral flexion of the head. The patient was

informed of his condition and advised to return to the osteopath,

because this class of practitioners consider themselves super-

bone-setters. He declined, in as vigorous English as his set

jaws would permit, and insisted that the writer make a manual

reduction. He was informed that this was out of the question,

because one could not hope to reduce a dislocation in this region

that had existed more than a year, much less hope for an acci-

dental readjustment, and, at the same time, avoid an injury to

the medulla. It was agreed that an effort at manual reduction

should be done.

Accordingly, under complete ether anesthesia, extension and

guarded rotary manipulations with pressure over the prominent

cervical spine were carried out, and, as was expected, without

results. The patient was placed in the ventral position, and

brought forward on the operating table so that his shoulders

rested on its edge and the forehead was placed on a Gushing

bench. A laminectomy had been planned, for it was considered

impossible to eftect a safe operative replacement of the dislo-

cated atlas after having been displaced for more than a year.

The chief object to be achieved was to remove the left axial

facet as well as the lamina, to enable the patient to elevate his

head so as to relieve the pressure of the chin on the chest.
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Through the usual posterior median incision the posterior arch

of the atlas, together with the left superior articular facet, were

removed with the aid of a long-handled rongeur forceps. A
distinct anteroposterior movement of the head could not yet be

made. The right atlo-occipital articulation, while it was affected

only in a rotary way, and its articular surfaces were in contact

and were immovable, it was decided to remove enough of the

axial articulation to mobilize it. This was accomplished so that

anteroposterior movements became fairly good. The wound was

closed and dressed in the usual aseptic manner. The operative

recovery was normal. The immediate operative effect was to

permit the raising of the head so that the chin was free from the

chest, enabling him to masticate and speak freely. With effort

the head could be elevated to a normal position, but he was not

able to maintain it for more than a few minutes. There was

moderate rotation. Pain and muscular rigidity had disappeared.

Dislocation of a cervical vertebra without fracture and with-

out cord lesions is rare except at the atlo-occipital articulation

and between the first and second vertebrge, the atlanto-axial

region. In the latter case the chances are in favor of a fracture

of the odontoid process. The transverse ligament usually offers

sufficient resistance to bring this about. It is true the transverse

ligament may be torn from its tubercles and allow a backw^ard

dislocation of the axis. In that event, cord compression would

be inevitable and a fatal termination almost certain.

In our case we had to do with a unilateral dislocation without

cord s}Tnptoms. Had we had a bilateral dislocation forward

a fatal cord compression could scarcely have been prevented.

The interesting feature of our case is the manner of the pro-

duction of the luxation. We naturally ask ourselves, did the

misplacement occur b}- the force of the one particular movement
in which the articular surfaces parted, or was it a succession of

movements that started it, little by httle, stretching the liga-

mentous attachments and possibly tearing a few fibers with

each rotation, as might be suggested, by the pain and cracking

experienced with each twist of the head until the last ones yielded.
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permitting the displacement to be completed? The operator

informed the patient that all his pains were due to several

misplaced vertebra?, that they were pressing on certain spinal

nerves, causing his generalized muscular and articular rheum-

atism, and that it was necessary that the "luxated spinal bones"

be replaced, and, since his trouble had existed a long time, it

might be difficult to effect a reduction and therefore extreme

efforts might be required. Accordingly, the osteopath began

to rotate the subject's head from side to side, at first without

producing discomfort, then the rotations became more vigorous

and with increasing pain until each movement produced a

"cracking" sensation in the neck until a supreme effort was made

to reduce the imagined luxation, ending in an extremely painful

"snap," leaving the head in a fixed position, establishing a real

dislocation which our advanced h^-permanipulator did not

recognize, for an imaginary luxation which was non-existent.

A strange system of therapeutics that trains a man to see things

that have no existence and blinds him to those which are tragi-

cally real. The method of manipulation and the pain expe-

rienced with the increasing force employed would suggest the

behef that the misplacement did not occur with the one final

decisive movement, but that the rotations gradually prepared

the peri-articular structures and the joint surfaces, so that the

atlas began to rotate on its vertical axis and fmally slid with

the last rotatory effort from its articular bed to its malposition,

where it became fixed.

Naturally, the possibility of a replacement of a dislocated

atlas suggests itself. It might be accomplished in a recent case

by manipulative efforts. The chances for failure, however, are

great, and an open operation may be inevitable. External

efforts may be ineffective on account of the great mass of mus-

cular structures laterally and posteriorly. Pressure in the

pharynx, with anteroposterior or rotary movements, together

with traction on the head, may accomplish very little when we

take into account the obliquity of the articular margins. When
once the occipital joint surface, which is concavo-ovoid, has
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slipped over the sharp axial margin, nothing short of leverage

would appear to be effective. The atlas itself is not massive,

it has no body or spinous process, it is an irregular slender ring

of Hght construction. It is located in a region rather difficult

of access. It encircles a most vital structure, the medulla oblong-

ata. It would seem that a reduction by manipulation would be

as much of an accident as the force that produced the disloca-

tion. Operative measures in recent cases involve great technical

difficulties as well as unusual danger.

In old luxations in this region the danger and difficulties

are increased so that reduction by operation is highly improbable

on account of the mass of cicatricial tissue which firmly holds the

atlas in its malposition. Therefore, in those cases where there

is an absence of pain and discomfort and the deformity does not

greatly interfere with general activity, non-interference will be

the best plan. In cases, however, where there is great distress

and malposition the removal of such parts of the bone that will

relieve the discomfort and relieve in part the deformity is indi-

cated.



A SATISFACTORY ARTIFICIAL AXUS

!v W. B. BRLXS.MADE, M.D.
BROOKLYN", NEW YORK

In certain cases of cancer of the rectum in which the entire

rectum can be removed by the combined abdominal and either

perineal, sacral or vaginal operation, it becomes necessary to

create an artificial anus. The comfort and effectiveness of the

new opening determines the well-being of the intlividual. We
have found that the following method gives the best results

at our hands.

A transverse incision is made above the pubes, and the sig-

moid isolated. The gut is then cut across, well al)ove the growth.

A second small incision is then made through the skin, about

two and one-half inches above the transverse incision to the left

of the median line. This brings the opening well above the pubic

hairs. By blunt dissection through the fibers of the rectus,

keeping well in front of the peritoneum, a passage about two

and one-half inches long is created down to the transverse incision.

The cut end of the gut is drawn through this passage and fasteneci

to the peritoneum at its point of entrance into the abdominal

wall, and at its point of exit, to the skin. The operation for the

removal of the growth is performed at this or a subsequent

sitting. The effect of this procedure is to create a loop of sigmoid

in which fecal contents may collect, and a perpendicular i)assiige

through the rectus muscle, which seems to compress the bowel

and control its contents to a marked degree. I have used this

method six times, and Doctor Fiske has used it four times.

We are well satisfied and the patient fairly well satisfied with

the result.
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The patient who is now presented to you was operated on

eighteen months ago for a growth in the rectum. The operation

4»}

,^'

Fig. I.—Showing loop of sigmoid which acts as receptacle.

was performed as described. She had a hard time after her

operation for several months, large amounts of tissue having

sloughed out through the perineal-vaginal wound. She has, how-
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ever, gained weight and recovered her full strength, and now
considers herself a well woman.

Fig. 2.—End of sigmoid passing in substance of abdominal wall which com-
presses its caliber.

This artificial anus is really very satisfactory. As far as I

know this particular intermuscular procedure has not been

described. I believe it is far better than any other form of arti-
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Fig. 3.—Position of sigmoid. Compressed gut in abdominal wall. Patient

lying on back.

Fig. 4.—Position of sigmoid. Cuiiipixiscd gut in abdominal wall. Patient

standing.
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ficial anus. The illustrations show clearly the details of the

operation and the results.

By the use of a small syringe the patient is able to empty her

bowel of fecal contents. It takes her about a half-hour in the

morning to finish up for the day. As you will see the skin is not
excoriated, and she is obliged to wear no cup. A simple pad
with a few layers of gauze and cotton which is pinned to the

undervest, serve to keep her clean.



CHRONIC APPENDICITIS AND ITS RELATION
TO VISCEROPTOSIS

By ARCHIBALD MacLAREN, M.D.
ST. PAUL, MINNESOTA

The operation for the removal of a chronic appendix is so

common, and it is so often unsatisfactory to both the patient

and the surgeon, that it has seemed to us wise and timely to

enter into a short discussion of the reasons for this frequent

disappointment. If the patient suffered no harm from the

removal of a supposedly chronic appendix, or if there was no

danger in the removal of a simple appendix, this question would

not be so important. Every practising surgeon knows or should

know, as we will later show, that many patients are harmed by

the operation for removal of the so-called ''chronic appendices;''

occasionally one dies as a result of operation; we have had at

least one death, years ago, from the removal of a chronic

appendix.

Now what do we mean by the term of "chronic appendicitis ?

"

First, we are not talking about the relapsing type—a patient

who has once had a true acute attack of appendicitis is always

in danger, and even after years of perfect freedom is liable to

have the old inflammation flare up again.

We do not believe in chronic appendicitis }iol associated

with at least one true acute attack. Of course an attack of

peritonitis may be due to any one of a large number of causes. If

the patient never has had an attack of severe illness we ha\-e

established one of the most important pieces of negative evidence

with which to start our history of a case which we may be inves-

tigating. But suppose there has been a severe illness (of course
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the patient frequently believes that the one acute attack of

inflammation was something else than appendicitis), cross-

examination will usually define the difference; if without sug-

gestion to the patient we ask for a description of the "mild

attack of typhoid," or the attack of "inflammation of the

stomach, bowels or womb," we ought to be able to tell at least

that there was or was not a true attack from some cause, even

when we cannot locate its source. In our experience the patient

is not able to be up and about with even a very mild attack of

peritonitis, and with an attack of inflammation of the appendbc,

is practically always confined to bed and usually has some vomit-

ing. So that if we get a history that the patient was laid up in

bed from three to five days, that there was vomiting, that the

doctor found a rise in temperature, that there was pain on press-

ure or upon movement, we may feel sure that there was an

attack of peritonitis. If the first of these two symptoms have

not been present the patient under consideration probably did not

have an attack of appendicitis. Today every surgeon believes

that he can distinguish between the true and the false—or neur-

asthenic imitation of appendicitis. It seems to us to be one of

the most difficult surgical problems to make this diagnosis.

The class of cases which we have in mind is well described by Mr.

A. J. Walton in the British Journal of Surgery of October, 191 5,

under the title of "CHnical Aspects of Visceroptosis." Mr.

Walton had 373 cases of true appendicitis in a period of four

years; during this same time 67 cases of visceroptosis were

subjected to abdominal exploration. These cases he divides

into four groups:

1. Cases resembhng appendicitis, both acute and chronic;

acute 13 cases, chronic 16 cases, making a total of 29.

2. Cases resembling gastric ulcer, 27 cases.

3. Cases resembling gall-stones, 6 cases.

4. Cases resembling carcinoma of stomach, 5 cases.

These 67 cases were all practically errors in diagnosis, as is

seen by studying the carefully reported histories of each case.

The operations were not done for the purpose of correcting the

ptosis; in fact, Walton, and every other surgeon of experience,
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concludes that the results of operative treatment in these cases

is very unsatisfactory. These are the so-called neurasthenic

cases, but no one, so far as we can find, has described this class

of cases from the surgical point of view to our satisfaction. The

surgeons all agree that the neurasthenic should not be operated

upon, but they do not tell us how to distinguish between the

case of true appendicitis and the neurotic counterfeit. Deaver,

in his book on Appendicitis, gives the impression that it is easy

to make a differential diagnosis between chronic appendicitis

and the neurasthenic even when there has been no preceding

acute attack. In Deaver's fourth edition, 1Q13, under the heading

"Recurrent Appendicitis," he says, "The diagnosis of chronic

appendicitis is usually clear. The plainer cases give a history of

acute pain referred to the region of the appendix, and examina-

tion reveals definite soreness, and upon palpation over this

region even in the absence of an acute attack a diagnosis may be

made with almost invariable accuracy on this combination alone,

i.e., pain and tenderness in the right inguinal region." We are

sure that this is not true, not only from our own experience but

more particularly because we see so many uncured cases: cases

with pretty appendicular scars, but whose symptoms are worse

rather than better—cases that have been operated upon during

the past two years by good men, not only in the West, but by

well-known surgeons in the East as well.

Deaver says "a normal appendix is a rarity in the adult."

There are a number of patKological conditions which, like chronic

appendicitis, are, to say the least, questionable, as for instance,

Jackson's membrane, Mobil's cecum. Lanes's kink, one or all

of which usually accompanies visceroptosis. Some surgeons and

their pathological friends have assumed that these conditions

are proved, and that they are surgical; we feel that they are

not proved, and that it will take years of careful study to deter-

mine when they are surgical and when they are not.

We have all taken it for granted, for instance, that oblitera-

tive appendicitis was the result of or produced by an inflamma-

tory state of the appendix. But when such good pathologists as

Ribbert, Wolfer and Zuckerkandl, quoted by Kelly, after a
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careful examination of a large number of cases of obliterative

appendicitis, all arrive at the conclusion that these conditions

are not due to inflammatory changes, but were an involution

process in a functionless organ, it makes us hesitate to accept

other minor pathological changes in the appendix as important

lesions. In a case of relapsing appendicitis the appendLx is

usually buried in adhesions, while in obliterative appendicitis it

is often quite free with no adhesions about it at all. The neuras-

thenic, or visceroptosis case, sometimes simulates the acute,

but usually is mistaken for chronic appendicitis. These, as a

rule, are young women or girls from twelve to twenty-four years

of age (occasionally in older women, rarely in men) who are not

in good physical condition, have lost from 10 to 15 pounds in

weight, are worrying over family or financial troubles, or over

examinations at school; they are of the flat-chested, scaphoid

abdominal type, and when it is necessary for them to stand a

great deal are often flat-footed. They have pain in the head,

back, pelvis, or abdomen, due to their general debility; they

complain of tenderness on pressure in various parts of the abdo-

men; many of them complain of this tenderness, mostly in the

right inguinal region, and these are the ones who come to us for

operation. But just as large a number come to us on account

of abdominal discomforts after their appendices have been

removed. These cases Walton, referred to above, says are

frequently temporarily relieved but in a few weeks their old

symptoms recur, as is shown in his histories. It has seemed to

us that these neurasthenic cases are improved by our uninten-

tional exercise upon them of the faith cure. For if we honestly

believe that we have removed the cause of their distress we do

unconsciously exercise this power whether we believe that we

do or not. It has seemed to us that this pain and tenderness in

the right inguinal region, in these cases, was usually due to the

stretching of the duodenum from its fixed point under the liver

to the ptosed pylorus in the pelvis. There is seldom any rise in

temperature, the pulse is normal as a rule; occasional!}' in the

younger patients it is rapid from excitement, probably due to

the examination. There is no true abdominal rigidity, and the

Am Surg 31
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Drawing made from a photograph of a patient who came to us to have a

chronic appendix removed. Symptoms: pain and tenderness in right

inguinal region. X-ray shows marked ptosis of stomach with atony
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pain in the abdomen in the chronic cases will be lessened or will

disappear when the patient lies down. This last point has

seemed to us to be perhaps the most important point in making

a differential diagnosis between the true and the false appen-

dicitis.

If the case which we have described is operated upon, what

happens to her? The appendix is found to contain some slight

evidence of disease, and today we believe that every appendix

is pathologically condemned by some pathologist somewhere.

We are always under these circumstances reminded of the path-

ological condemnation of every ovary and tube ever seen twenty

years ago.

The operation is a success, the wound is perfect, but she has

lost at least five pounds in weight, and when she is encouraged to

get up and about, to prove what great surgeons we are, the

ache in her abdomen comes back, sometimes in the same

place, unfortunately it sometimes comes back somewhere else;

then the inexperienced surgeon concludes that the pain is due

to some other organic lesion which he has overlooked and advises

some further operative interference. We have often heard that

it takes a patient a year to recover from an operation for chronic

appendicitis, which ought to |)rove that the operation was

unnecessary, because it does not take anything like that length

of time to recover from the removal of an acute appendix even

after abscess formation.

All of us have seen these patients after they have suffered several

laparotomies, as for instance, we saw a few weeks ago a patient

with eight scars on her alxlomen, who was provoked when we
refused to remove her only remaining ovary, that being the only

removable organ left in her abdomen.

If these patients are not operated upon, what can we do for

them? The internal medical man has been curing these patients

for years by the "old-fashioned rest cure" process. Years ago

we would advise an operation in consultation and find to our

amazement that when the patient is rested and built up and had
gained about ten pounds in weight her abdominal distress had
almost disappeared and that the abdominal or [)elvic pains would
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not come back, unless for some cause weight was again lost.

Even when these cases cannot give up their work and take a

regular rest cure, on account of expense, a modified rest cure is

better for them both physically and financially than a useless

operation. Six fat meals a day and lying down every minute

that they can get away from their work helps immensely. We
have, at a moderate estimate, seen, in the last four or five years,

100 of these cases, some of them being sent to us for the purpose

of having their appendices removed, some to find out what was

the reason of their continued ill health. Almost all of these

cases have gotten well without operation, which to our mind is

the acme of surgical success.

We have already pointed out in our study of gastroptosis

presented to the American Surgical Society in 191 1, that this

type of patients are the ones that we had previously operated

upon, usually for chronic appendicitis without effecting a cure.

In that communication we were able to show by x-ray that the

stomach was ptosed and atonic, that they still had their same

point of pain and tenderness in the right iliac fossa even after

their appendices had been removed.

We have taken for this study 225 consecutive operation cases,

commencing January i, 1906, operated upon in our own private

practice with the result that we find that there were 12 cases

which were, we now believe, without x-ray confirmation, neurotic

or gastroptosis cases. We give the following table as a comple-

ment of this paper.

TABLES

1. Chronic appendicitis, woman, aged twenty-four years.

No improvement two years after operation.

2. Gastric ulcer, woman, aged fifty-eight years. No improve-

ment.

3. Chronic appendicitis, man, aged twenty years. No improve-

ment.

4. Chronic appendicitis, woman, aged twenty-five years. No
improvement three years after operation.

5. Chronic appendicitis, woman, aged twenty-five years. No
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improvement six weeks later. Gastro-enterostomy, two years

later, died, perforated duodenal ulcer.

6. Chronic appendicitis and retrodisplacement, woman, aged

twenty-four years. Dilatation for dysmenorrhea; appendectomy

and retrodisplacement operation; worse.

7. Chronic appendicitis, retrodisplacement, woman, aged

twenty-eight years. Xo improvement eighteen months.

8. Gastric ulcer, chronic appendicitis, three years ago; opera-

tion cervix and perineum. Xo better one year later.

10. Chronic appendicitis, woman, aged nineteen years. No
results one year later.

11. Chronic appendicitis, woman, aged thirty-six years. Oper-

ation for laceration of cervix and perineum, one year ago. ]Mu-

cous colitis two years, few adhesions; Jackson's membrane. One

year later no improvement.

12. Chronic appendix, woman, aged thirty-live years. No
improvement.

Resume: Eight cases of chronic appendicitis. Three cases

of supposed gastric ulcer with one death, and one pelvic case.

We have then skipped six years and taken up our histories

in the same way commencing January i, 191 2, the year after

we had written on gastroptosis. In the next 225 cases we find

that there were only six operative errors as against twelve of the

six years before.

table 191

2

1. Chronic appendicitis, Jackson's membrane, woman, aged

twenty-one years. No improvement.

2. Pelvic chronic appendix. Lane's kink, woman, aged thirty-

five years. No improvement.

3. Chronic appendicitis, girl, aged fourteen years, Jackson's

membrane. No improvement.

4. Chronic appendicitis, girl, aged sixteen years, Jackson's

membrane. No improvement.

5. Chronic appendicitis, woman, aged fifty-seven years.

Blood in stools, Jackson's membrane. No result for two years.

6. Chronic appendicitis, girl, aged nineteen years. No result.
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Abundant opportunities have been offered during the Balkan

and present wars to determine what methods give the best results

in the repair of injuries of peripheral nerves, and in the relief of

the functional disturbances due to the compression of the nerves

by scar tissue resulting from extensive associated injuries of the

soft tissues or bone. The number of different methods which have

been employed would seem to indicate that few have been uni-

formly satisfactory. The work which we wish to report has to do

principally with the repair of large defects in peripheral nerves,

and the deductions which are drawn are based entirely upon

anatomical repair. It is difiicult to draw any conclusions regard-

ing reestabhshment of function in animals, for the anatomical dis-

tribution of the nerves is such that recovery after removal of a

piece of the sciatic nerve takes place in a short while, even when

no attempts at repair are made.

The results of the experimental repair or union of nerves are

evidently more certain and more quickly realized than those

observed clinically. This would seem to be the case as determined

by Langley and Anderson. Experimentally the cervical sym-

pathetic can be united with the phrenic and cause the usual

effects produced by stimulating the latter nerve. Langley and

Anderson have also confirmed Mislavski's results that the cervical

' From the Morris Institute of Medical Research of Micliael Reese Hospital.
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sympathetic can unite with the recurrent laryngeal nerve and

cause movements of the vocal cords. The movement is due to

contraction of the thyro-arytenoid muscle and to unilateral con-

traction of the arytenoideus muscle. The cervical s\Tnpathetic

can unite with the spinal accessory nerve and cause contraction

of the sternomastoid muscle.

The attempts of Cannon to cause hyperthyroidism by fusing

the phrenic with the cervical sympathetic is a striking example of

the possibilities of nerve transference. We do not know what the

percentages of successes have been in any of these cases. The

technical difficulties are much greater than in operations upon

the large nerves of the extremities, and yet we beheve that the

percentages of successes are greater even when union is made by

the process of fusion than in the latter.

Isolated cases have been reported which would indicate that

spontaneous repair of nerves is possible. One of the most cele-

brated cases of this kind is the one reported by Notta, cited by

Dingle, in which all the soft tissues of the arm. with the exception

of the biceps, were divided. After two years the function of the

arm was practically normal, although no attempt had been made
to suture the divided nerves. Not infrequently, incompletely

divided nerves repair in the absence of operative interference with

reestablishment of function. Almost complete restoration of

function after incomplete division is regarded as the rule by many,

but spontaneous repair does not always occur even under such

favorable conditions. Head and Sherren report two cases of

spontaneous repair. In one there was incomplete division of the

median nerve above the wrist. No attempt was made at repair.

Sensation was practically normal after eight and one-half months.

The response to faradic stimulation had returned after five months.

At no time was there much interference with motion. In another

patient with the same injury, motion and the response to faradic

stimulation were present after two and one-half months and

sensation had returned after five and one-half months.

The results of resection followed by suture have been so

uncertain that many surgeons deahng with incomplete divisions
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associated with considerable scar tissue have been loath to sacri-

fice any part of a nerve. It has been stated that resection of a

motor or mixed nerve should not be attempted unless the ends

can be readily united without too much tension. Some surgeons

are not quick to advise resection, even when union is possible,

for recovery may occur when injured ner\-es have a shrunken,

sclerosed appearance, there being enough fibers passing from the

nerve above the point of injury through the connecting cicatricial

tissue to reestablish its functional activity. Recently there has

been less and less tendency to resort to radical measures. There

has even been a tendency to await spontaneous repair before

resorting to an operation as simple as neurolysis.

That neurolysis may be decidedly beneficial is indicated b}- the

cases observed by Hashimoto during the Russo-Japanese War.

But four nerve sutures and three nerve transplantations were

attempted in the 50 cases operated upon and observed by him.

The results in the three cases of nerve transplantation were un-

satisfactory. In 43 cases neurolysis was attempted. The results

were very good in 10 cases, good in 15, satisfactory in 3, ques-

tionable in 4, and unsatisfactor}^ in 11. In 7 cases neurolysis

was attempted 300 days or more after the injury. In this series

the results were good in 4 cases, questionable in i, and unsatis-

factory in 2. In 43 cases treated by neurolysis good results were

obtained in 65 per cent., or if 4 questionable cases are included,

in 74.4 per cent. The results obtained by neurolysis after 200

days had passed from the time of injury were doubtful.

The materials which have been used for tubulization after neu-

rolysis are numerous. Material used for this purpose must be

capable of good sterilization, must not act as a foreign body, and

must not contract adhesions with the nerve. Decalcified bone

tubules, iodoform gauze, hardened human bloodvessels, human
epidermis, magnesium tubes, hardened calf bloodvessels have all

been used. Hashimoto employed calves' arteries hardened in

formahn. In one case reported by Hashimoto, amputation

became necessary four months after tubulization with the hard-

ened artery was attempted. It was then found that the hardened
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bloodvessel was almost absorbed, only a few elastic fibers remain-

ing in some places. Where at the first operation a white cica-

tricial, avascular thickening was found, there was at the second

operation a soft reddish segment abundantly supplied with blood-

vessels. The possibiHties of tubuHzing with fascia will be dis-

cussed later.

The results of nerve suture are not so favorable as would be

expected when the regenerative power of nerve fibers as demon-

strated experimentally is taken into consideration. Speiser in

1902 collected 208 cases of nerve suture which he combined with

129 cases collected by Schmidt which were reported previous to

1890. The results were considered good in 224 cases, or in 66.5

per cent. There were but partial recoveries in 53, or 15.5 per cent.,

and the results were poor in 60. or 18 per cent. Statistics dealing

with nerve suture compiled by 14 different men show that good

results were obtained in but 70 per cent, of the cases.

The relation between the length of time allowed to pass before

suture was attempted and the functional result is indicated by

Oberndorfer's statistics dealing with 167 cases of nerve suture.

In 96 cases the ends of the nerves were sutured on the first day.

The results were good in 38 per cent., fair in 35 per cent., bad in

16 per cent., and unknown in 11 per cent. When the suture was

performed in from two to seven days the results were good in 35

per cent., fair in 52 per cent., and unknown in 13 per cent. When

performed from the eighth to the fourteenth day the results were

good in 57 per cent, and fair in 43 per cent. When performed

from three to four weeks after the injury the results were good in

56 per cent., fair in 32 per cent., bad in 12 per cent. When per-

formed in from five to eight weeks, the results were good in 44

per cent., fair in 25 per cent., bad in 31 per cent.

The results depending upon whether primary or secondary

suture was performed do not seem to differ so ver\- much.

Kennedy, an adherent of the theory of peripheral nerve rege era-

tion, stated at one time that he believed that function was estab-

lished quicker in the cases in which suture was not attempted

until after the third month, for l)y this time regeneration of fibers
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in the peripheral segment would have been fully established and

union with the proximal libers leading to reestablishment of

function would take place more quickly. He recom^mended later,

however, that early suture be attempted, because the muscle

atrophy is not prevented by peripheral regeneration, and a central

connection is needed to preserve the tone of the muscles even

when peripheral regeneration, as claimed by him, does occur.

Statistics would seem to indicate that the results of primary ahd

secondary suture are about the same.

In 96 cases in which primary suture was attempted, the results

were good in 37 per cent., fair in 25 per cent., bad in 26 per cent.,

and unknown in 12 per cent. In 163 cases in which a secondary

suture was performed the results were good in 36 per cent., fair

in 44 per cent., bad in 1 2 per cent., and unknown in 8 per cent.

Statistics compiled by Stopf give about the same results in

secondary suture. He analyzed the results obtained in 64 cases

in which suture was performed during the first year. The results

were good in 72 per cent., doubtful in 24 per cent., and in 4

per cent, no results were obtained. In 15 cases suture was per-

formed from two to fourteen years after division. The results

were good in 60 per cent, of the cases, doubtful in 26.6 per cent.,

and bad in 13.3 per cent. Bowlby has come to the conclusion

that no results are to be expected after suture when four years

have elapsed from the time of the injury.

Statistics which have been compiled would seem to indicate

that nerve suture is successful in only about two-thirds of the

cases. The results seem to depend largely upon the character

and severity of the injury. The position of the injury seems to

have no determining influence upon the result and Etzold's state-

ment that the length of time required for recovery is longer the

more central the lesion, does not seem to hold good. There is

apparently no difference as regards length of time required for

recovery of function, whether the median or ulnar is divided in

the forearm or arm. The time required for restoration of function

is greater after suture of the radial than after suture of either of

the nerves just mentioned.
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During the period from 1902 to 19 12, 31 cases are reported in

which an attempt was made to repair a defect in a nerve.

Resection of a bone or bones resulting in absolute shortening

of the part, an operation so mutilating that it rarely seems justi-

fiable, was attempted five times. In 3 of these cases the re-

sults were good, in 2 bad. Tubulization or bridging with catgut

or some other material was performed in 9 cases with i good, 3

fair, and 4 bad results. In i case the result was unknown.

Heterotransplants were used in 9 cases with i good, i fair, and

6 bad results. Result unknown in i case. Homotransplantation

was attempted in 3 cases with i good, and 2 bad results. Auto-

transplantation was attempted in 5 cases with i good, 3 fair

and I bad result. In these 31 cases but 14 good results were

obtained, a percentage of 45, the percentage of favorable results

being much less than after nerve suture. The high percentage of

poor results in this series of cases may have been due to the

amount of scar tissue resulting from severe injuries which made

extensive resections necessary, for the scar tissue probably ex-

tended well into the nerve liber on either side of the point of

injury.

Sherren in 1906 reported thirty cases in which a segment of a

nerve had been transplanted into a defect in another nerve to

restore its continuity. Of the 8 cases in which a segment of

a human nerve had been transplanted, but 3 were reported

at a sufficient interval after the operation to admit of a possi-

bility of recover}'. Two of these recovered complelcl\- and i

showed no sign of return of motion after seventeen months. Of

the 22 cases of heterotransplantation, 16 were reported at

a long enough period after the operation to have permitted of

some recovery. Of these but i could be said to have recovered

definitely and without question. Making a very liberal estimate

of 6 successes out of 16 cases, the results are not so good as

those obtained after the use of autotransplants. Clinical and

experimental results agree in this regard.

While the statistics just quoted give us some idea as to the

merits of the different procedures which have been employed to
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reestablish the continuity of an injured or severed nerve, it is-

difficult to determine how good the results have really been, for

early return of sensation, which in many of the cases has been

thought indicative of reestabHshment of the continuity of the

nerve has been discredited as a proof of the same, although it is

somictimes difficult to explain the rapid return of sensation except

upon the basis of reestabhshment of continuity as in the cases

reported by Kennedy, Langenbeck, Ogston and others.

PROX.^

INTERMED--

DIST.'

Fig. I.

—

A, diagram illustrating method of tubulization. B, diagram of

completed tubulization. C, diagrammatic cross-section of hyperplastic

neurilemmal sheath: a, neurilemma! nucleus; b, protoplasmic band; c, non-

hypertrophied portion of sheath.

In a previous communication, ^ it was shown that nerve defects

may be bridged successfully by tubulizing with an autotransplant

of fascia. While this method was suggested primarily with refer-

ence to practical surgical use, it soon became apparent that it

aflforded unusual opportunities for a study of the histology of

nerve regeneration following mechanical trauma. Fig. i (A and

B) illustrates the technic employed, which is described in detail

in the article referred to. The defect is produced by excising a

segment, varying in length from i to 3 cm.; the nerve being cut

squarely across with a sharp knife. Fascia lata from the same

animal is used to construct the tube, as by using an autotrans-

' Fascial Tubulization in Repair of Xerve Defects, Section on Surgery,

American Medical Association, San Francisco, June, 1915; Jour. Am. Med.

Assn., 1915, Ixv, 486-491.
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plant, fibroblastic reaction and subsequent cicatrization are

avoided. Thus regeneration following trauma may be studied

without interference from various external factors, in particular

the ingrowth of cicatricial tissue between the divided ends. Most

important of all. the comparative behavior of proximal and

distal stumps is more easily determined than when the ends are

approximated.

]Materi.\l and Technic. The material used in the present

report includes 41 sciatic nerves of adult dogs, 21 of which are in

complete serial section. The animals were killed at periods vary-

ing from I day to 36 weeks after operation. In general, four

methods of histological preparation have been employed

:

(a) Fixation in Bensley's fluid—Miiller's fluid saturated with

mercuric bichloride with 10 per cent, of formalin added just

before use, and staining with Mallory's phosphotungstic acid and

hematoxylin. Myelin sheaths are stained an intense blue, the

axis-cylinders are unstained or light blue, the chromatic elements

of neurilemm.al and other nuclei a blue, and connective tissue red.

(b) Ranson-Cajal silver impregnation, following Held's pyri-

din technic. The non-medullated fibers are an intense black, the

axis-cylinders of medullated fibers a yellow brown, and the general

background of tissues a light yellow.

(c) Hematoxylin and eosin, especially in the study of pro-

toplasmic bands.

(d) Often the silver preparations were countcrstaincd by

safranin.

The Early Stages. An exudate of serum into the empty

fascial tube begins the first day. At the end of seventy-two hours

the tube is partially filled with serum containing a few mononu-

clear migratory cells. If hemostasis has been adequate there will

be practically no erythrocytes. At the fifth da\- the [)ortions of

the tube nearest the two nerve ends are filled with a soft gra\ish-

white pulpy material resembling in appearance soft brain matter.

The exudate comes from the nerve ends, the fascia showing nt)

reaction.

Microscopically this pulpy material is finely granular or homo-
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geneous—evidently coagulated lymph. Sometimes the middle

portion of the tube, that most remote from the divided nerve

ends, is yet empty at the fourth and fifth day.

Early Changes in Axis-cylinders and ^Myelin Sheaths.

On the basis of his own observations and those of others, Ranson

(191 2) comes to certain conclusions which we have been able to

confirm. We will therefore give them but brief consideration,

referring the reader to his work for details. In both ends there

occur during the first two or three days abortive regenerative

changes. These are manifested by the outgrowth of fine terminal

and lateral neurofibrillar rami from both non-medullated and

medullated axis- cylinders; the dissociation of the axis-cylinders

into bundles of fine neurofibrilla?; and the development of delicate

plexuses of such fibrillar beneath the neurilemma! sheaths. These

abortive fibers appear in both proximal and distal stumps and

only in the immediate vicinity of the section (few tenths of a

millimeter). They degenerate completely in three to eight days.

Ranson has demonstrated the temporary nature of these phe-

nomena in the distal stump which has often been mistaken for

definitive regeneration. Certain degenerative phenomena also

develop early. In both stumps the axis-c}^Hnders and myelin

sheaths of medullated axones degenerate for a distance of about

3 mm. (second or third day). The non-medullated fibers of the

central stump also exhibit a slower, ascending degeneration (third

to eighth day) , which extends upward about i cm. The Wallerian

degeneration occurring later is somewhat slower, and is observed

in the whole distal segment—the axis-cyHnders becoming swollen

and fragmented (second to fourth day), and the degeneration of

the myehn sheaths quickly following ( fourth day). Definitive re-

generative changes occur in the central stump only. By the eighth

day the medullated fibers have given oft" numerous lateral rami

higher up (5 mm. and less from plane of section), these growing

down as subneurilemmal fibers within the old sheaths. The non-

medullated fibers also dissociate into bundles of neurofibrillae

which grow down in the sheath (by fourteenth day). After one

month all the medullated and non-medullated fibers in the last
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5 mm. of the proximal stump have been converted into bundles

of non-medullated fibers, of which each bundle contains 20 to 60

or more fibrillae. These are much more numerous than in the

normal nerve. Ranson suggests a teleological explanation of this

hj-perregeneration, with special reference to the number of fibers

which must later go astray in the scar.

Changes in Xeurilemmal Sheaths. The adult neurilemmal

sheath (Schwann) of peripheral nerves is a fine, thin, structureless

membrane almost invisible, and provided with a ver>' few fusi-

form nuclei—one to each node of Ranvier. the length of the latter

varying from 80 to 900/i. The nuclei are surrounded by a very

small quantity of cytoplasm. Mitoses are not present in the

resting stage. Fig. 2 illustrates the maximum number and the

appearance of neurilemmal nuclei in an adult peripheral nerve.

It is rarely possible to find so many in one field. Note that the

cytoplasm is practically invisible.

We believe that the phenomenon now to be described is of the

greatest importance in the regeneration or attempted regenera-

tion of nerves. We refer to the very early reaction of the neuri-

lemmal sheaths adjacent to the plane of section in both proximal

and distal stumps. This is a hyperplastic reaction, the adult

(resting) neurilemmal sheath with its nuclei reverting to the active

or embryonic type. The first indications of this activity are

revealed by a slight increase in the amount of granular cyto-

plasm surrounding the nuclei, or rather by a becoming visible of

the until then invisible cytoplasm. We have first seen this about

the twenty-fourth to thirty-sixth hours in the portions of the

neurilemmal sheaths closest to the plane of section. This earliest

change is demonstrable only with difiiculty. The cytoplasm sur-

rounding these nuclei increases rapidh- in amount the next two

days, and the nuclei increase rapidly in number by mitosis, so

that by the fourth to sixth days the protoplasmic bands (primitive

bandfasern of earlier authors) are well developed (Fig. 3). These

are narrow strands or bands of cytoplasm containing the now

hyperchromatic and active neurilemmal nuclei. At the fifth and

si.xth days numerous protoplasmic bands have already invaded
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the serum of the fascial tube, and from that time on they pro-

liferate continuously down the tube. Fig. 4 illustrates the bands

running down into the serum from the proximal stump. At their

point of origin, namely, the last 2 or 3 mm. of the proximal

stump, they constitute thickened bands of cytoplasm within the

neurilemmal sheaths. Their relation to the resting neurilemmal

sheath is shown diagrammatically in Fig. i. C, in which a rep-

resents the neurilemmal nucleus, b the thickened cytoplasm,

constituting as seen in longitudinal preparation the bandfasern or

protoplasmic band, and c the non-hypertrophied parts of the

sheath, the whole presenting the appearance of a seal-ring.

Thus the position of the nucleus determines the point of de-

velopment of the band within the sheath. As soon as the band

leaves the nerve stump and goes down into the serum it appears

as a solid, rather flattened, strand of cytoplasm, not as a tube, for

the thin portion C either atrophies or more probably collapses,

and fuses with the protoplasmic strand, obliterating the lumen of

the sheath.

In preparations such as represented in microphotograph 4, it is

important to observe that these protoplasmic bands are traceable

in absolute continuity from the terminal portion of the stump

down into the serum of the tube. The transplanted fascial tube

at this, as at all levels, displays no fibroblastic reaction.

Tig. 3 shows (X 1000) an area from the proximal stump 2 mm.
above plane of section, at the sixth day. Note between the large

medullated fibers, the slender protoplasmic bands with numerous

neurilemmal nuclei, some having just divided, all rich in chro-

matic material.

Fig. 5 shows in detail an area from the same nerve at the very

tip of the proximal stump. Note the swollen degenerated medul-

lated fibers and sheaths, and between them the protoplasmic

bands with their neurilemmal nuclei.

Precisely the same phenomenon occurs in the distal stump.

Fig 6 is a low power (X 335) of the proximal end of the distal

stump (the same nerve as represented in Figs. 3 and 5). Note the

swollen degenerated medullated fibers and sheaths [a) and
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between them the hyperplastic neurilemmal bands (b), the latter

also growing up into the serum of the tube at c.

Fig. 8 shows an area of the same distal stump just below the

plane of section. Note here again the large swollen fragments of

medullated axis-cvlinders and their mvelin sheaths, the material

Fig. 2.—Control normal nerve. Segment removed at primary operation,

illustrating maximum normal number of neurilemmal nuclei, (x looo.)

Phosphotungstic acid hematoxylin.

of the latter clumped as ''ovoids," in the midst of which are the

semidigested remnants of the axis-cylinders. Between them are

the hyperplastic neurilemmal nuclei and their bands of proto-

plasm (a). The latter are not quite so numerous and well devel-

oped as in the proximal stump. Fig. 7 is the very lip of this

Am Surg 32
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same (distal) stump, illustrating the additional feature of the

growth of bands into the serum at a. Here also may be seen frag-

ments of degenerated axis-cylinders surrounded by the "ovoids"

of myelin [b) . While this outgrowth of neurilemmal protoplasmic

bands occurs at both proximal and distal stumps and is of similar

nature in each, it is much more active in the proximal. Thus the

bands rapidly develop into the serum from the proximal end and

Fig. 3.—Proximal stump just above plane of section, at sixth day. To illus-

trate neurilemmal hyperplasia, (x 1000.) Hematoxylin and eosin.

much less rapidly from the distal, so that they meet at a point

much nearer the distal than the proximal stump. The approxi-

mate rapidity of growth is indicated by the fact that after removal

of a segment 12 mm. long (nerve 79), the protoplasmic bands

have completely bridged the tube of serum at the sixth day, be-

ing very numerous near the proximial stump (Figs. 3 and 5), much
less numerous near the distal stump (Figs. 6, 7, and 8), and least
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numerous at a point about lo mm. from the end of the proximal

stump and 2 mm. from the end of the distal (Fig. 9). This last

level represents the meeting point of the two sets of protoplasmic

bands.

W^'ih

mw§^u

VM

\

^'K,i
Fig. 4.—Proximal stump at sixth day. To illustrate downgrowth of ncu-

rilemmal (protoplasmic) bands into serum of tube. (X75.J Hematoxylin

and eosin.

These phenomena occur earliest in the last millimeter of the

proximal and the first millimeter of the distal stump. At the

sixth day the process is most marked, that is, the protoplasmic

bands are largest and most numerous, and their nuclei most

hyperplastic, at their very tips. At a distance of i mm. from the
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tips, the process is decidedly less active, that is, the nuclei, while

many times more numerous than in the normal nerve, are yet

strikingly less so than at the very tip, and the protoplasmic bands

not so Ions; or numerous. At a distance of 2 mm. there is vet a

Fig. 5.—Detail from Fig. 4, siiowing tip of proximal stump. Note (a) pro-

toplasmic bands containing neurilemmal nuclei; also (b) degenerated mcdul-

lated fibers. ( X 750.) Hematoxylin and eosin.

decided increase in the number of nuclei and considerable increase

in the cytoplasm surrounding them over those of the normal

resting nerve, but no distinct band formation. This applies to

both stumps. In the lower stretches of the distal stump, more

than 2 mm. from the plane of section, the hyperplasia of nuclei is
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not very evident until the fourth day. and the protoplasmic bands

not well formed until the ninth day and later. It will be noted

below in the review of literature on neurilemmal hyperplasia that

we describe this phenomenon as of considerably earher develop-

mWm
Fig. 6.—Distal stump at sixth day. To illustrate proliferation of neurilemmal

bands (b) in the nerve tip; also (c) same growing in serum of tube; and (a) de-

generated fragment of axis-cylinder enclosed in globule of myelin, (x 335.)

Hematoxylin and eosin.

ment than is implied by various investigators. Thus we find

that well-formed protoj)lasmic bands have invaded the exudate in

the tube as early as the fourth to si.xth day. while others describe

them as appearing first at the eighteenth to twenty-first day. The



502 LEWIS, kirk: regeneration of peripheral nerves

explanation of this apparent discrepancy has already been hinted

at. The process of hjperplasia is essentially of the nature de-

scribed throughout the whole of the distal and the lower end of

the proximal segments, but certain factors, doubtless largely the

Fig. 7.—Detail from Fig. 6. showing tip of distal stump. Note (a) proto-

plasmic bands in the serum; also (b) degenerated axis-cylinder and myelin.

( X 650.) Hematoxylin and eosin.

mechanical trauma, greatly accelerate the process in the last

millimeter of the proximal and the first milHmeter of the distal

stump. In the immediate vicinity of the severe nerve injury

associated with a break of continuity there occurs a special

acceleration of the process of protoplasmic band formation. It is
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obvious from the facts recorded above that this may be regarded

as nature's effort for insuring a pathway for the regenerating

axis-cyhnders. In ordinary nerve repair this regenerative process

is often interfered with by the ingrowth of extraneous cicatricial

tissue. Former descriptions of the neurilemmal hyperplasia

Fig. 8.—Detail from distal stump just below level of operative section at

si.Kth day. Note protoplasmic bands (a), (xiooo.) Hematoxylin and eosin.

and formation of protoplasmic bands are based on the process, as

it occurs a distance of a millimeter or more from the plane of

section. Doubtless this is due to the fact that this outgrowth of

neurilemmal bands was considered to be atypical or that with the

ordinary methods of approximation the cicatricial reaction ob-
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scured this feature of the process. Xo one, to our knowledge,

has observed this accelerated neurilemmal hyperplasia occurring

at the end of the segments. Ingebrigtsen's speculation as to the

difficulty of finding such bands in the scar is suggestive in this

Fig. 9.—Detail from a point 10 mm. from proximal and 2 mm. from distal

stump at sixth day. Note protoplasmic bands {b} in serum of tube; also

migratory cells. ( X 750.) Hematoxylin and eosin.

connection. Of course the accelerated degenerative phenomena

at this location have often been noted. Howell and Huber (1892)

observed that in the immediate neighborhood of the wound,

degenerative changes of traumatic origin undoubtedly occur

before they appear in the rest of the nerve. Ranson also mentions
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the rapid traumatic degeneration in the immediate vicinity of

the plane of section.

Morphology of the Bands. The protoplasmic bands, as

they grow down into the serum, anastomose frequently. This is

best demonstrated by serial study of cross-sections (of which

Fig. 13 is one); but is also seen in the longitudinal preparations

(Figs. 9, ID, and 11). The anastomoses are much better demon-

FiG. 10.—Detail from growing tip of proximal stump at five and a half weeks.

Note protoplasmic bands with non-meduUated axoncs, the latter stained

black, (x 1200.) Silver-pyridine method.

strated in the corresponding specimens by focussing in various

planes. In Fig. 9 the most conspicuous elongated band {h) is

seen branching just as it leaves the plane of the section. Some-
times, however, the bands course about 100 to 200^ without anas-

tomosing (Fig. 12). These bands are often very ditlicult of

demonstration, as their cytoplasm does not stain well. Some-
times they are rendered visible by the silver tcchnic, taking a faint
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yellow stain. In general, the best preparations were obtained

with hematoxylin and eosin, or with safranin.

The recent observations of Ingebrigtsen (February, 191 6) are

of interest in this connection. On incubation of peripheral nerves

in plasma, a growth of the sheath of Schwann occurs, provided

the axis-cylinders and myehn have undergone Wallerian degenera-

tion previous to the implantation. There is a striking resem-

Fig. II.—Protoplasmic bands containing non-medullated axis-cylinders, the

latter stained black, from serum-filled tube iust below proximal stump at sixth

day. { X 1200.) Silver and safranin.

blance between the neurilemmal bands as we find them in the

serum of the fascial tube, and the ones Ingebrigtsen pictures.^

After three or four days' incubation in plasma there grow out

from the cut ends of the nerve libers numerous thin filaments of

protoplasm, highly refractile and slightly granular. At first they

I Compare, for example, Ingebrigtsen's Fig. 3, Plate 34, with our figures.
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are tapering, and end in a point which shows ameboid move-

ments, by means of which they emerge into the plasma. They

soon become more or less cylindrical, and branch and anastomose.

The average width is 6 to 8^. The bands contain nuclei of elon-

gated ovoid or fusiform shape. Inasmuch as the nuclei are

shghtly greater in diameter than the protoplasmic band, the latter

shows a shght expansion at the site of each nucleus. After six

Fig. 12.—Protoplasmic bands with non-meduUated axis-cylinders. ( X i 2ck).)

Sil\-er-pyridine and safranin.

days' incubation the bands anastomose very freely. As in our

preparations, there are often stretches of such bands measuring

200/i or more in length, devoid of nuclei. (Ingebrigtsen's Fig. 4.)

In the summary Ingebrigtsen speculates as follows: ''Is this an

indication that such an outgrowth occurs from the cut end of a

degenerating nerve in the organism, and plays some part in the

processes of union and regeneration? I have never seen it. and
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I am not aware that it has been noticed by other observers. But

it is probable that such a growth from the cells of Schwann of the

peripheral part of a divided nerve extends into the scar tissue

forming part of it. That structures of this kind have not yet

Fig. 13.—Cross-section at tip of regenerating proximal stump at the eighth

day. An area has been selected which shows some protoplasmic bands devoid

of axis-cylinders and some containing them. The latter stain black. ( X looo.)

Silver-pyridine.

been detected in the organism does not prove their non-existence.

They stain faintly, and curving and bending through the scar

tissue it may be dilhcult to bring out their true form." In a

critique of neurotropism he says: "An anatomical conception of

the centrifugal orientation based upon my experiments seems.
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more satisfactory, assuming that the protoplasmic syncytium of

Schwann growing out from the peripheral part of a divided nerve

branching into the scar, may receive the axis-cylinders coming

from the central part, and serve as a guidance for them into the

peripheral segment."

We had already (Kirk and Lewis, December, 191 5, and

January, 1916) answered these questions afhrmatively.

Stellate and branching connective-tissue cells are also found in

the serum of the tube near the nerve stumps. They are deriva-

tives of the endoneural connective tissue. Ingebrigtsen observed

these along with the neurilemmal bands in his plasma cultures.

Lymphocytic migratory cells also find their way into the serum of

the tube (see Fig. 9).

Xageotte (191 1) has shown the adult (resting) neurilemmal

sheath to be a syncytium. Ingebrigtsen "s (19 16) observation

that the test-tube growths of neurilemmal bands show frequently

anastomoses after a few days' incubation, while the axis-cylinders

never do, is of significance in this connection. This feature of

the structure is brought out in rehef in the hyperplasia, even in

those parts distant from the sectioned ends, the protoplasm of

adjacent sheaths being continuous. We have already referred to

the frequent anastomoses in the bands as they grow into the

serum. Thus it seems to us a misconception to speak of the

protoplasmic bands as appearing on the fourteenth day or on

the eighteenth da>- by fusion of the at first isolated masses of

cytoplasm. P>om their inception they form a continuous plexus

which simply becomes more protoplasmic as hyperplasia advances.

This is the first time, so far as we are aware, that the tubulization

technic with separation of the two nerve ends has been applied

to the study of the behavior of the protoplasmic bands. It has,

of course, long been recognized that some time (two or three

weeks) after the initial trauma, the hyperplasia of neurilemmal

nuclei and associated cytoplasm gives rise to the formation of

the so-called ''protoplasmic bands," both in proximal and distal

segment.

Biingner's (1891) observations arc of unusual interest. Unfortu-
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nately, through use of the inferior technic of that day. he errone-

ously interpreted certain longitudinal striations appearing in these

bands in the distal segment as representing new axis-cylinders

developing by peripheral regeneration, an error hardly possible

with the use of the silver technic (vide Ranson for a critique of

Biingner's work). Biingner's descriptions and figures of the pro-

toplasmic bands are very accurate. On the third day after crush-

ing or cutting of the nerve the nuclei of Schwann in both proximal

and distal stumps become hjperplastic and divide by kary©ki-

nesis. Cytoplasm accumulates about them on the inner surfaces

of the thin sheath, and that surrounding the individual nuclei

rapidly forms bands by fusion. Nuclear activity is at its height

between the lifth and eighth days. Cross-sections of these bands

often show {e. g.. his figure lo) the t\'pical seal-ring appearance

mentioned above. ^Myelin fragments are, as usual, often present

in the protoplasm of the bands.

Howell and Huber (1892) describe h\perplasia and proHferation

of the neurilemmal nuclei and associated cytoplasm at the seventh

day, at points some distance distal to the plane of section. At

the twenty-first day they find well-developed "embryonic nerve

fibers" (protoplasmic bands). These develop in the central

and peripheral segments and arise from the neurilemmal cyto-

plasm. They make the important observation that the regenerat-

ing axis-cylinder is found in the embryonic nerve fibers of the

proximal stump. They also find them within the same bands of

distal stump. They speculate as follows: ''How is the connection

between the two. between protoplasmic bands of proximal and

distal stumps made?" 'Tt is practically an impossible thing to

witness the making of this connection, but we are strongly con-

vinced that it takes place in the cicatricial tissue, and chiefly

from the downgrowth of embryonic fibers from the central end."

Speaking of the intervening scar they say: "It forms a tissue

into which the actively growing embryonic fibers from central and

peripheral ends penetrate, and finally meet and unite" (p. 384).

They made the observation (confirmed by Ranson. 191 2. and by

us) that if a cicatrix prevents union of the two ends the proto-
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plasmic bands still form in the distal stump, this being then the

sole manifestation of peripheral regeneration.

Our present work not only confirms Howell and Ruber's as to the

absolutely autochthonous formation of the bands in the proximal

and distal stumps, but also shows that before any axis-cylinders

can grow from proximal into distal segment, the bands must

grow across the gap (or cicatrLx), and prepare the way. (Vide

section below on "Neurilemmal bands as Pathways.")

Huber (1892) studied the behavior of neurilemmal nuclei after

section of nerves in rabbits. At two days the nuclei are enlarged,

ovoid, hj-perchromatic and surrounded by an increased amount

of cytoplasm. Mitoses are present at the end of the third day.

The distribution of the dividing nuclei throughout the Ranvier

segment is believed to be due to an active motility of nucleus and

adjacent cytoplasm.

Huber (1895) describes in implanted nerve segments a similar

h\'perplasia of neurilemmal nuclei, but not so marked as in the

distal segments. At six to nine days the neurilemmal sheaths are

described as much collapsed, containing a little cytoplasm and

a few nuclei.

Ballance and Stewart (1901) describe and figure a marked pro-

liferation of neurilemmal cells beginning the second day; (their

Figures i and 2, Plate 15.) They lay no emphasis on any func-

tional activity of these cells until later stages are reached. Ran-

son (191 2) finds t\'pical protoplasmic bands in the distal segment

at the nineteenth day, developing from meduUated and non-

medullated fibers.

The Neurilemmal Bands as Pathways for Axis-cylixders.

Our observations prove conclusively that the protoplasmic bands

constitute conduits in the substance of which the non-medul-

lated fibers of regeneration from the proximal stump rapidly

grow down (Figs. 10, 11, 12, and 13).

At the sixth day such axis-cylinders are already found in many
bands a distance of i mm. from the extreme end of the proximal

stump. Sometimes the fiber is well imbedded in the cytoplasm

of the protoplasmic band, sometimes it lies very near the surface.
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We have best demonstrated these relations by mipregnating with

silver, and then rapidly counterstaining with safranin. The bands

grow down hrst, and the nerve libers follow along them. This

has been demonstrated in both longitudinal and cross-sections.

In the former, many bands will be seen which contain no fibers.

At the six-day stage the bands are found to contain fibers only in

the first mm. from the central end, although the bands have

bridged a gap of 12 mm. The down-growing axis-cylinders will

not completely bridge this same gap and reach the distal segment

in less than three weeks. At four weeks numerous fibers have

passed through a gap of about this extent and entered the distal

stump (Fig. 20). In the serial transverse sections, except in

stages so far advanced that neurotization is complete across the

gap, one can compare sections at the upper part of the tube, in

which many or most of the bands contain axis-cyhnders, with

those from lower levels in which the bands are devoid of fibers.

Photograph 13 taken at such a level shows that part of the bands

are invaded by fibers and that part are devoid of them. The

axis-cylinders are stained an intense black by the silver. Note

the numerous neurilemmal nuclei as seen in cross-section. The

bands first enter the serum as separate strands, but a Httle later

anastomose to form a very complete rete. Thus it happens that

the bundles of regeneration from various axones often partially

interlace (Fig. 19). Ranson (191 2) has also described this con-

dition (his figure 27)^

We do not wish to imply that the axis-cylinders must always and

necessarily track along the protoplasmic bands; for it is definitely

known that under special and unusual conditions such is not the

case. Ingebrigtsen (1913) cultivated cerebellar tissue in vitro

(plasma media), and obtained growths of axis-cylinders. This

was confirmed later (Ingebrigtsen, 1913) by Cajal's silver method.

They grow out into the plasma unaccompanied by structures of

any kind, and do not anastomose. Here the advancing axis-

cyhnders were supported by a surface. The same experiments

1 Nageotte (191 1) has shown the protoplasm of the neurilemmal sheaths in

the resting condition to constitute a syncytium.
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also showed outgrowth of neurogHa fibers as an anastomosing

rete. Clark (1914) produced experimental polyneuritis (beri-beri)

in fowls by feeding polished rice. Myelin sheaths and axis-

cylinders of peripheral nerves were brought to any desired stage

of degeneration. All traumatic and inflammatory effects, such

as are produced by sectioning or otherwise interrupting the con-

tinuity of fibers were thus avoided. Under proper diet, regenera-

tion of axis-cyUnders and myelin sheaths, the former always from

the central end toward the periphery, could be induced. Only in

the most advanced and prolonged degenerative changes of axis-

cylinders and myelin sheaths did he ever find multiplication of

neurilemmal nuclei. Here again is an example of the downgrowth

of axis-cylinders without the aid of tracks, in the shape of proto-

plasmic bands. In this case it is obvious that there is a tubule

preformed for the conduction of each regenerating fiber. But

while under such exceptional conditions nerve fibers may grow

down independently of the bands, we are convinced from our

observations that in regeneration following trauma, and such

embraces practically all cases in which surgical intervention is

indicated, a pathway across the cicatrix, or from proximal to

distal stump in case of apposition of the ends, is prepared only by

these bands. When they are deflected as by cicatrix, the axis-

cylinders following them are likewise deflected. (Fig. 10.)

We have already mentioned that Howell and Hubcr (1892)

describe and figure the regenerating axis-cylinders as being situ-

ated within the embr)'onic nerve fibers of both proximal and distal

stump. Huber (1895) verified the downgrowth of axis-cylinders

into the old sheath of Schwann, filled with cytoplasm, in the

lower part of the central stump, also within and between the old

sheaths in implanted segments; and in the same localities in the

peripheral stump.

Harrison (1908) cut nerves in the tail of frog larvte and found

that the proximal and distal stumps of many fibers were united

by strands of protoplasm the second day. Degenerative changes

in the peripheral segment were inhibited when this occurred.

Ihese results are not surprising in \iew of the great regulative

Am Surg 3j
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power shown by tissues of lower vertebrates, and especially of

larvae. Ranson (191 2) particularly emphasizes the use of pro-

toplasmic bands of the distal segment as pathways for the invad-

ing axis-cylinders. He finds the bands well-developed at the

nineteenth day, and new non-niedullated fibers from the proximal

stump already running in their proximal portion. These axis-

cylinders always run down in the bands, never between them.

Several axis-cylinders often he within one band (his figure 29).

Dustin (1913) believes nerves heal by a special type of cicatrix

formation. In the primary connective-tissue scar are organized

paths of least resistance (leitbahnen), through which the nerve

libers pass. This specific cicatricial tissue is found only between

nerve fibers, and is derived from the connective-tissue cells of the

nervous system. It rapidly forms a "porous callus," and unites

the stumps provisionally but exactly. Nageotte (191 5) discusses

"the process of cicatrization in nerves" in a brief report, based on

the study of two nerves at the fourth week of regeneration. The

nerves were divided, one was tubulized with a vein, the gap

measuring 1.7 cm. ; the other was bridged by silk, the defect being

1.4 cm. Each animal was killed after one month and the nerve

fixed in formalin and stained in iron hematoxylin and Van Giesen.

He concludes that the young axis-cyhnders grow down only in a

syncytial network derived from the sheath of Schwann. He
assumes the sheath to be of ectodermal origin, and maintains that

the axis-cylinders never grow naked into the mesenchyme, but

always surrounded by this ectodermal sheath, several axis-

cylinders often growing within one sheath. The sheaths regener-

ate from both proximal and distal stumps. He believes the axis-

cylinders cannot exist apart from the ectodermal sheath. It is

difficult to conceive how Nageotte has been able to arrive at

these elaborate deductions after the examination of !)ut two

specimens, each at the fourth week. We believe, however, he

has seen at a later stage the same phenomenon which we have

seen in a series ranging from one day to thirty-six weeks after

tubulization. We cannot agree that the axis-cylinders and pro-

toplasmic bands of the proximal stump grow down at the same

time. The latter certainly precede the former.
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Ranson (191 2) and others have already abundantly demon-

strated the origin of the new axis-cylinders from the stumps of

non-medullated and medullated fibers. As they have shown,

there is an immense overproduction of libers. This is illustrated

Fig. 14.—Cross-section of pro.ximal slump 2.5 cm. above plane of surgical

section at sixth week. Note great increase in non-medullated fibers (x 200.)

Silver-pyridine.

repeatedl}- in our series. Fig. 14 rei)resents a cross-section taken

2^ cm. above the level of the proximal plane of section at six

weeks. Note the great number of non-medullated libers, inter-

spersed among the medullated. Some are derivatives of non-

medullated fibers, and some of medullated. as is illustrated in
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Fig. 15, in which (a) indicates a subneurilemmal plexus derived

from a medullated axis-cyhnder by lateral branching, and (b)

a bundle derived from a non-medullated fiber. All regenerating

fibers are at first non-medullated. The axis-cylinders which are

definitive and not subject to abortive changes, grow down, as we

have seen, into the protoplasmic bands of the tube as early as

f '.

.^^-wfe

Fig. 15.—Cross-section of proximal stump 3 mm. above plane of surgical

section at thirty-one weeks. Note non-medullated subneurilemmal plexus

(a) derived from the medullated axis-cylinder (m) by lateral branching; also

1: undies (6) of non-medullated fibers, derivatives of a non-medullated axis-

cylinder, (xiooo.) Silver-pyridine.

the fifth and sixth days. Fig. 17 shows in detail the intermediate

(regenerated) segment at six weeks. Note the bundles of non-

medullated fibers. Many of them (as a) illustrate the fact that

the medullated fibers in regenerating not only give rise, higher up,

to numerous lateral rami, which course down just beneath the

neurilemma, or better, within the protoplasmic band of the
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neurilemma, but also that the stump of the old central axone

gives rise to several axis-cyhnders. Fig. 16 shows the proximal

stump just above the plane of section at eight and a half weeks.

Note the remnants of swollen degenerated meduUated axis-

FlG. 16.—Detail from proximal slump at eight and a half weeks. Note
swollen myelin sheaths (a); also bundles of non-medullated fibers stained

black. (X400.) Silvcr-pyridinc.

cylinders (a), and the large bundles of non-mcchillated fibers.

Fig. 18 illustrates the lil)ers growing down tlirough the inter-

mediate segment. Note the arrangement in bundles. End-bulbs

are seen on the growing tips of some fibers. Fig. 19 is from the

intermediate segment and illustrates the arrangement in bundles,
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the fibers of which course along a single protoplasmic band. Note

the deflection of some bundles, corresponding with anastomoses

of bands. The invasion of the distal segment by the regenerating

fibers, as seen in silver preparations, is illustrated in Fig. 20 (four

weeks), and Fig. 21 (seven weeks).

Fig. 17.—Cross-section of intermediate segment (/. e., the regenerated

ner\"e) at sixth week. Note bundles of non-myeUnated fibers stained black.

Group (a) is derived by downgrowth from a meduUated axis-cylinder.

( X 325.) Silver-pyridine.

Fig. 26 illustrates a phenomenon we have often observed in the

distal stumps; nam.ely, the persistence of certain elements of the

-old sheaths, as m.anifested bv old resting nuclei {a) and librous
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connective-tissue strands, surrounding the sharply marked

bundles of new fibers, mostly non-meduUated (b), and hence

appearing glistening white, and not sharply defined in the micro-

photograph, some, however, having acquired the new medullation

Fig. is.—Detail from intermediate- segment at eight and a half weeks. End-
bulbs are seen at growing tips of some fibers. ( x 325.) Silver-pyridine.

(c). Interspersed among these fibers are the new (hyperplastic)

neurilemma! nuclei id). 'J'he resting nuclei {a) are either of the

neurilemma or connective tissue (Henle's sheath); we are not

certain which. If the former, then it would appear that in the

several weeks which elapse with a large defect before axis-cvlinders
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from the central stump reach the distal canals, the neurilemma!

bands may go through their stage of h}'perplasia and then revert

to the resting stage, and that neurilemmal sheaths from higher

up (as from the distal level of section i) may grow down with the

axis-cyhnders. We suspect, however, that these resting nuclei (a)

belong to the connective-tissue sheath of Henle.

Fig. 19.—Detail from intermediate segment at the tenth week,

arrangement in bundles (x 200.) Silver-pyridine.

Note

The hyperplasia of neurilemmal nuclei persists a long while.

Langley and Anderson (1904) have already noticed this. Fig. 27

shows them in the distal segment at thirty weeks. The nuclei

which are yet very large, hyperchromatic and numerous, are
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applied to the non-meduUated and medullated fibers, these being

in a subneurilemmal position. Fig. 26 also illustrates the per-

sistence of embryonic neurilemmal nuclei (d) at twenty-seven

weeks.

Fig. 20.—Distal segment at fourth week. To illustrate invasion V)y regen-

erating non-medullated fibers. (X 130-) Silver-pyridine.

Biological Interpretation of Neurilemmal Hyperplasia.

The hyperplasia of neurilemmal cytoplasm and nuclei has been

recently interpreted by certain authors as a degenerative phe-

nomenon, occurring only in a nerve undergoing "progressive

retrogression;" this largely on the basis of experimental work in
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which neurilemmal hyperplasia was absent in moderate grades

of axis-cylinder and myelin sheath degeneration, and present in

severe grades, as also in advanced generalized degenerative

processes, as gangrene of an extremity. But, in observing the

processes, both the rapid degeneration in the immediate proximity

Fig. 21.—Distal segment at seventh week. (X 70.) Silver-pyridine.

of the section, and the slower Wallerian degeneration, one cannot

but be struck by the intimate association of retrogressive and pro-

gressive processes. As von Biingner (1891) says, the processes

of degeneration and regeneration are so closely associated, both

as to spatial and temporal relations, that they defy any separate

consideration, occurring simultaneously and in closest proximity.
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Yet it is possible, just as in the case of the phenomena of inflam-

mation, to be sure that certain phases of the complex process

partake of the general nature of a degeneration, catabolic changes

predominating excessively (as the disintegration of axis-cylinder

and myelin), and we may be just as certain that a process in

which, starting with a mechanical stimulus, we observe a rever-

sion of the adult, resting, neurilemmal nuclei to an embryonic

condition, with h}perchromatosis, mitotic activity, nuclear migra-

tion, increase of cytoplasm, to say nothing of probable metabolic

activity with reference to absorption of dead myelin, is of a

regenerative or hyperplastic nature. Certainly in the domain of

pathology where this whole matter has received minute considera-

tion with special reference to the components of the general

process of inflammation (vide Ribbert 1908, p. 209) no one

would think of classifying the fibroblastic proliferative responses

as degenerative in character, however markedly retrogressive the

general reaction of which they may form a part.

Some of those who have maintained the degenerative character

of the hyperplasia have apparently been influenced by the con-

sideration that if the neurilemmal hyperplasia were a regen-

erative process, the doctrine of peripheral regeneration would

be thereby strengthened. But such is by no means the case.

The problem of whether the protoplasmic bands have in them-

selves the inherent property of depositing axis-cylinders is

entirely independent of the hyperplastic character of these

bands.

Nageotte (191 5) hints at some special, mutual interdependence

of neurilemma and axis-cylinder, but we beheve the observations

recorded in the present paper show that the sheath is to be

regarded as a structure per se. independent of any essential genetic

relation to axis-cylinder. In response to mechanical or chemical

(toxic) stimuli, it may undergo hyperplasia with reversion to an

embryonic state. In so doing, it may and does serve as a conduit

for regenerating cylinders. We do not doubt that the latter,

under clinical conditions as in certain traumatic nerve injuries,

often attempt to push out into ordinary cicatricial tissue, but on
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leaving the neurilemma! territory that portion of the fiber usually

—perhaps always—succumbs.

With reference to the mutual relationship between neurilemma!

hyperplasia and the closely associated degeneration and absorp-

tion of axis-cylinders and myeUn there have been many specula-

tions. It is generally conceded that the granular degenerations of

axis-cylinder and of myelin are the earliest of the processes which

follow nerve section. The death of the axis-cylinder is probably

a trophic sequence of isolation from the ganglion cell. ]\Iany

authors (Nageotte and Cajal, 1911) hold that the myelin

digests the dead axis-cyhnders. Of course, numerous observers

have shown that the fragments of axis-cylinder are enclosed

within the "ovoids" or segments of the disintegrating myelin, but

no satisfactory proof is yet available that the myelin digests the

dead axis-cyhnder. Dr. Bensley in a recent personal communica-

tion points out that modern concepts of the inherent enzymatic

autodigestive powers of all tissues render superfluous such assump-

tions, except where definite evidence exists. Von Biingner

(1891) took a similar conservative position with reference to the

disintegration of the myelin which he considers to be a passive

process. He also shows that leukocytes take no part in the

absorption. Nageotte (1911) states that the chemical products

of the degenerating axis-cyhnders and myelin furnish the

stimulus to the neurilemma! sheath hyperplasia. Ingebrigtsen

(191 6) believes that his work confirms Nageotte's idea, for

growth of neurilemma! cells in plasma was obtained only when

Wallerian degeneration had begun in the nerve previous to

its introduction into the plasma. To ensure this, the nerves

after section were allowed to remain in the body for the four or

more days. But this introduces a confusing factor, for during

those days the neurilemma takes on a very hyperplastic condition.

Ingebrigtsen's work, far from showing that the disintegration

products of dead axis-cylinders and myelin stimulate the neuri-

lemma to proliferate, indicate that neurilemma, in reverting to

this embryonic condition, acquires greatly increased viability and

growth potentiality. The fact that the nuerilemma, after four
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days of hyperplasia in the body, grows out into t\pical proto-

plasmic bands, morphologically almost identical with those we

describe, offers confirmatory evidence as to our conception of the

early development of true bands at the traumatized stump.

Moreover, Clark repeatedly obtained marked degrees of degenera-

tion in axis-cylinders and myelin without stimulation of the

neurilemmal sheaths to h\'perplasia. Also, Ranson proved that

protoplasmic bands develop from non-medullated fibers in the

distal stump.

There does, however, appear to be evidence that the hyper-

plastic neurilemmal cytoplasm helps in the absorption of the

degenerated myelin and axis-cylinders. Howell and Huber (1892)

offered good morphologic proof of this. Clark also notes that

when the neurilemma displayed no reaction, the remnants of

axis-cylinders and myelin globules persisted months or over a

year unabsorbed, whereas in the cases where neurilemmal

hyperplasia was produced they were rapidly absorbed.

Thus, aside from the traumatic factor, which admittedly is of

minor importance, we know of nothing which explains satisfac-

torily the causes of neurilemmal hyperplasia.

Origin of Axis-cylinders. It would be superfluous to dis-

cuss the enormous literature regarding the doctrine of peripheral

regeneration. In general the overwhelming tendency of modern

work has been to show that all dctiniti\-e regeneration of nerve

fibers is from the central segment.'

Ranson's work olTers especially reliable evidence of this.

Clark (1914) confirms it also, as regeneration of axis-cylinders

was often complete in his experimental neuritis in the ab-

sence of neurilemmal hyperplasia and protoplasmic band

formation.-

Ingebrigtsen (1913 and 1916) has shown that /;/ vilro the axis-

cylinders grow only from the ganglion cell or from the central

stump of an axis-cylinder.

' Vide Ranson, 1912, for an excellent review.

2 Bethe and ether exponents of peripheral regeneration hold that the nerve

fibers are laid down within the protoplasmic bands.
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While employing this tubulization technic it soon became

apparent that we had an excellent opportunity for investigating

the possibihty of a peripheral regeneration of axis-cylinders. The
limits of the present paper prevent the inclusion of details,

but it is certain that no axis-cylinders appear in the distal

segment until they have grown down from the central stump>

Fig. 22.—Normal control segment removed from nerve 39 at primary

operation. Note (a) medullated fibers: (b) bundle of non-medullated fibers;

(c) connective tissue. (X 1000.) Phosphotungstic acid hematoxylin.

having bridged the gap. The Cajal-Ranson silver method has

ensured against confusion of other types of protoplasmic fibrilla-

tion with true axis-cylinders.

Origin of IMyelin Sheaths. The limits of this paper forbid

our presenting the detailed results of our study of this question

by the tubulization method.
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We can, however, confirm the general observations of Howell

and Huber (1892), Mott, Halliburton and Edmunds (1904) and

others, that myelin formation proceeds from the end of the prox-

imal segment downward. Inasmuch as all these observers approx-

imated the nerve ends, an element of confusion was introduced,

as indicated in the conclusion of the latter that the myelin forma-

tion starts from the point of union of proximal and distal stump

and proceeds distally.

Fig. 23.—Proximal segment of nerve 39 (same nerve as shown in Fig. 22) at

seventh week after section. Note (a) medullated fibers, (b) bundles of non-

medullated fibers, and (c) neurilemmal nuclei. (X 1200.) Phosphotungstic

acid hematoxylin.

We find, as did Stroebc (1893), that the myelin sheath is formed

in continuity with the original myelin sheath above, i. c, the first

new myehn to appear is that which restores the myelin of the

proximal stump which early underwent an ascending degenerative

process. Then it appears at successively more distal levels, and
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only after the regenerated axis-cylinder has reached the age of

about five or six weeks.

Fig. 22 is a control, the segment removed from a normal nerve

at operation, stained with phosphotungstic acid and hema-

toxylin. The myelin sheaths (a) shown in white in the micro-

photograph are stained a bright blue. The darker areas represent

bundles of non-medullated fibers (b) and endoneural connective

tissue (c).

'.J

;«.
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Fig. 24.—Same nervx (seventh week). Upper part of intermediate segment

(/. e., regenerated ner\-e). The bundles consist largely of non-medullated
fibers (a) but also contains a few fibers (c) surrounded by delicate myelin
sheaths, staining a bright blue; and also neurilcmmal nuclei {b). (X 1200.)

Phosphotungstic acid hematoxylin.

Fig. 23 represents the same ner\-e seven weeks after operation,

the level represented being in the proximal segment about 3 mm.
above the plane of section. Some of the medullated fibers are

slightly swollen, but the great majority are of normal size or

smaller, some not more than one-quarter the diameter of the

largest. Note particularly the large bundles of non-medullated
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fibers (b) with closely associated neurilemmal nuclei (c). These

are, of course, the bundles of regeneration.

Fig. 24 is from the same ner^'e at the upper part of the regener-

ated (intermediate) segment. Each bundle is composed largely of

non-medullated axis-cylinders (a) which do not show in detail

in the photograph, but each bundle contains also neurilemmal

nuclei (b) and fibers which have newly acquired myelin sheaths

Fig. 25.—Same nerve (seventh week). Lower part of intermediate segment.

The bundles consist entirely of non-medullated fibers (a) with neurilemmal

nuclei (6). (X 1200.) Phosphotungstic acid hematoxylin.

(c). These latter are very delicate, but stain a bright blue by the

Mallory stain, and present the usual radiate appearance of the

neurokeratin framework.

Fig. 25 shows the same nerve at the lower part of the regener-

ated (intermediate) segment. Note that the bundles consist

entirely of non-medullated fibers with associated neurilemmal

»* nuclei. No medullary sheaths have reached this far distally.

Am Surg 34
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Finally, Fig. 26 illustrates the distal stump at twenty-seven

weeks, when the bundles of regeneration have long since filled up

the old empty canals. Note that even yet a majority of the fibers

in each bundle are non-medullated. Those which have acquired

medullation seem perfect in morphology. Many neurilemmal

nuclei yet persist associated closely with the regenerated bundles.

^^ •^ -f^

Fig. 26.—Distal segment at twenty-seven weeks. The bundles consist

largely of non-medullated fibers (6) among which are some medullated (c), and

some neurilemmal nuclei (<f), which are yet hyperplastic {i. e., neurilemma-

blasts). The nuclei (c) are probably connective-tissue nuclei of the sheath of

Henlc. (X 1000.) Phosphotungstic acid hematoxylin.

Thus in the nerve shown in figures 22 to 25 inclusive, the tipper

3 or 4 mm. of the regenerated segment contains at the seventh

week of regeneration a considerable number of medullated fibers.

In nerves after nine weeks of regeneration many of the fibers

bridging a gap of 12 mm. have acquired a medullation throughout

their extent and even some distance into the distal stump.
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Interpretation: The myelin is laid down in situ, whether by

activity of axis-cylinder or of neurilemma we could not determine,

but undoubtedly it appears only in Ihose portions of the new

fiber which have reached an age of about five or five and a half

weeks. All medullated fibers regenerate through the gap as

J.

Est" k^fe',M
' .'I V I'l f 1 i.

\

M,'

Fig. 27.—Distal segment of a nerve at thirty-one weeks after operation. To

illustrate the persistent hyperplastic condition of the neurilemmal nuclei.

(X 450.) Phosphotungstic acid hematoxylin.

non-medullated ones which later acquire meduUation. All

medullation begins proximally and proceeds distally.

Many fibers acquire their medullation much later than the

sixth week.

We have no reason to doubt the accuracy of Howell and
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Ruber's observation of the discontinuous appearance of myelin

within the protoplasmic bands, but certainly the general pro-

gression is from the proximal stump distalward.

Summary, i. In the immediate vicinity of nerve trauma

associated with break of continuity there occurs an accelerated

hyperplasia of the neurilemmal elements which results in the

early formation of protoplasmic bands. These develop in both

proximal and distal stump and tend to bridge the defect. Along

these protoplasmic pathways the regenerating axis-cylinders from

the central stump track. Whether they reach the distal stump

and neurotize it depends largely on the extent to which these

preformed conduits have successfully prepared the way.

2. All eihcient regeneration of nerve fibers (axis-cylinders) is

from the central stump. All regenerating nerve fibers, whether

the outgrowth of medullated or of non-medullated axones, are in

their early stages non-medullated.

3. All medullation begins proximally and proceeds distally,

not appearing about the newly formed axis-cylinders until they

have acquired an age of at least five or five and a half weeks

(in the dog).
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DISCUSSION

Dr. John B. Murphy, Chicago.

This excellent paper of Dr. Lewis is too important to have it pass

without discussion. Dr. Lewis in this splendid work has accentuated

the essential principles of and enlarged on the work that has already

been accomplished, and he has also made some new and splendid

suggestions. The statistics as furnished by the period preceding 1905

have little or no value because the technic preceding that date was

not standardized and was frequently defective. It did not take into

consideration the full exposure of the axone ends, by remo\dng the

fibrous portion of the end neuromas before suture was accomplished,

and without this no more histological union and restoration of function

can be expected in nerve approximation than could be expected by

uniting two ends of an ununited fracture by permitting the fibrous

capsule that has formed over the ends to remain.

The next item is the prevention at the line of union from invasion

of connective tissue from the sides. It is important in the reorganiza-

tion or reunion of any structure that one utilizes by actual contacting

the normal histological elements of that structure without the inter-

vention of connective tissue. If one permits connective tissue to

overlap the nerve ends, functional failure should necessarily result,

and failure usually does obtain. The nerve union should be thoroughly

wrapped, or, to use a plumber's expression, "wiped," by tissue to

prevent connective-tissue formation from the side ])enetrating between

the axonal ends. Dr. Lewis has accentuated that splendidly in his

paper. Regardless of the span of time that has elapsed since division,

one has the same certainty of union when he attains an adjustment of

properly exposed and united nerve ends that one has with jjroperly

approximated bone ends regardless of the duration of the non-union

or fracture.

In nerve transplantation one must be governed by the same
principles as with bone or other material. The heterogeneous trans-

plantation has been valueless; the homomaterial, as brought out by
Dr. Lewis, is an available material, but not one of choice; the auto-

transplant is the transplant par excellence for every tissue, whether it

be bone, ovary, thyroid, or nerve, excepting the white fibrous elastic

tissue, if the best results are to obtain. The results of animal neoplasm

transplantation come under the above law, as can be seen l)y the

successes and failures in the exj)erimental work on the grafting of

neoplasms. When we published our work on neurological surgery

in igc6 we laid down these principles in such a forceful way that he
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who runs might read, and he who disregards the principles courts

failure, and one can scarcely comprehend how they can be overlooked

by any operator in the neurological field.

Dr. Harvey Gushing, Boston.

I would like to add a word of appreciation of this splendid piece of

work. Studies of this kind are of special importance today in \'iew

of the immense amount of reparative work that will have to be

done on injuries of peripheral nerves as a result of the war. Just

when the suture should be undertaken, and in what way materials

should be interposed in order to bridge defects in ner\'e injuries, are

matters on which there is unfortunately no definite agreement as

yet.

There have been many difterent methods of tubularizing proposed,

and Dr. Lewis has imquestionably shown that tubularization \\-ith

fascia is as likely to be successful as any. When other materials ha\'e

been used it has been thought necessary to fill the tube with some

gelatinous substance to prevent its collapsing and its walls from

becoming adherent. This does not seem to be necessary with fascia.

The whole physiological story of reunion of nerves, and particularly

the much-mooted question of possible peripheral regeneration, has

been an interesting one. It has always seemed to me probable that

the proliferation of the sheath of Schwann cells of the peripheral

segment is the factor which attracts the axone to the periphery^

exercising a chemotatic pull upon the axis-cylinder processes. Upon
the intensity of this pull depends the thoroughness of the regenera-

tion. Some years ago, when attempts were made to overcome the

paralyses of anterior poliomyelitis, it was thought that one might

take such a nerve as the sciatic and after dividing it so rotate it that

the down-growing axones would find their way to the end-organ

indiscriminately, both in the freshly degenerated and in the remotely

degenerated bundles. As a matter of fact, it was found that this did

not occur, for no matter how the central stump might be rotated in

order that freshly divided central fibers might come in contact with

more remotely divided peripheral ends, the down-growing axones

invariably sought the freshly degenerated peripheral fibers and

refused the path along which some of them were invited to go. This

principle, however, would only be of importance in case of suture of

an incompletely divided nerve. In the conditions of Dr. Lewis's

experiments, the age of degeneration of all fibers of the periphery

would be the same and the pull-on the central axones would be exerted

equally by all.

I would like to ask Dr. Lewis if he has had any experience with
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the length of time which may intervene between a purposeful nerve

di\'ision and restoration by tubularization. In other words, has he

any idea of the number of weeks or months or years which a nerve

may be allowed to remain severed and yet regain function.

Dr. E. H. Beckman, Rochester, Minnesota.

I wish to add my appreciation of this paper. I have been obliged

to repair nerves following injuries in a number of instances during

the past two or three years. In a thorough search of the literature

I have been at a loss to find a method of repair which has proved

reUable. There are two points of special importance that I wish to

emphasize. First, when it is impossible to approximate nerves end to

end, and when it is necessary to leave a considerable space between

the two freshened ends, we need further information to know whether

or not fascial tubing collapses between these two ends. In my own
work where it has been necessary to leave considerable space between

two freshened ends I have used the method of stitching through the

sheath of the nerves with line silk similar to that used in bloodvessel

work, so as to form a hollow cylinder between these two ends, then to

surround the anastomosis with a tube of fascia. This hollow cylinder

of silk prevents the collapse of the fascia. Whether this procedure is

necessary or not we do not know, but at the present time it would seem

to be advisable. Second, when nerves can be ai)i:)ro.\imated accurately

end to end, is it necessary to surround the anastomosis with fascia

or some other material for the purpose of preventing scars occurring

from outside sources, such as blood-clots or scar-tissue formations?

In four instances I have used a vein to cover the anastomosis. The
vein was sectioned and threaded over one nerve before the anastomosis

was made. After the nerves were sutured this vein was slipped over

the anastomosis and sutured in such a way that it could not slip.

I want to ask Doctor Lewis if he can tell us if a vein which has

an endothelial lining will last and be as valuable in preventing

cicatrization as the fascial tube?

Dr. C. a. Porter,^ Boston.

I would like to ask Dr. Lewis two or three questions. If one

happened to have a case presenting a separation of fuur inches in the

sciatic nerve three years after injury, would it be proper to do a fascial

operation or to shorten the femur? Is there a given distance which
we may attempt to bridge or would the results be more certain and
function more likely restored if we resected a certain amount of bone
in cases where there was marked separation of the bone ends?

' Discussion not corrected by speaker.
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Dr. Dean Lewis, Chicago.

Dr. Murphy has brought out one of the most important things in

nerve repair—the cicatricial tissue should be removed, so that healthy

nerve fibers may be approximated. Surgeons have been loathe to

remove a sufficient length of nerve substance, because they have not

had confidence in the methods at hand to restore or bridge nerve

defects. This principle has recently been emphasized by the attempts

which have been made to free the axones, by making longitudinal

incisions into the ends of the nerves, with the idea of letting the axis-

cyHnders fray out.

Dr. Gushing asks regarding the length of time required for restora-

tion of function. It is difficult to answer this question because the

human cases ha\'e not been done long enough to permit one to form an

estimate. Dr. Law has had a case in which a defect of three inches

was tubularized, and within a year there has been a complete restor-

ation of function, motor and sensory.

Harrison's work has added much to our knowledge of nerve

regeneration and has demonstrated conclusively that all regeneration

of axis-cylinders begins proximalward and proceeds distalward. One
of the most interesting features of nerve repair is the proliferation of

the sheath cells and their relation to the developing axis-cylinders.

It is also interesting to note that sheath cells proliferate in vitro after

Wallerian degeneration has commenced. This suggests that it

might be better to transplant segments of nerves in which Wallerian

degeneration is taking place rather than segments recently removed.

We have had no difficulty with collapse of the fascial tube in our

experimental work. The cicatricial contraction depends upon whether

or not the fascia is placed in a field in which cicatricial changes are

already developing or are extensive. Fascia surrounded by an

extensive scar is apt to undergo cicatricial changes. We have

experimented with veins. A vein may be used to tubularize a suture

Une, but when used to bridge a defect the proliferating endothelium

may cause obliteration of the lumen. The fascia has no such tendency

to undergo proliferative changes. When a fascial tube is constructed,

the smooth surface of the fascia lying upon the muscle is placed inside.

Regarding Dr. Porter's question concerning the length of defect

which has been tubularized, the longest defect that I know of has

measured three inches.
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